[ Downloaded from iem.modares.ac.ir on 2025-07-05 ]

[ DOI: 10.52547/iem.8.2.149 ]

ISSN: 2588-4115; Infection Epidemiology and Microbiology. 2022;8(2):149-158 d ) 10.52547/iem.8.2.149

‘ ‘ ~ Allium cepa Inhibits Aspergillus fumigatus Growth and
Virulence and Suppresses the Expression of glip Gene
TarbigyMedares  Involved in Fungal Pathogenesis

ARTICLE INFO

ABSTRACT

Article Type
Original Article

Authors

Bahareh Musivand, MSc?
Masoomeh Shams-Ghahfarokhi,
PhD'*

Mehdi Razzaghi-Abyaneh, PhD?

How to cite this article

Musivand B., Shams-Ghahfarokhi
M. Razzaghi-Abyaneh M. Allium
cepa Inhibits Aspergillus fumig-
atus Growth and Virulence and

Suppresses the Expression of glip
Gene Involved in Fungal Pathogen-
esis. Infection Epidemiology and
Microbiology. 2022;8(2): 149-158

'Department of Mycology, Faculty
of Medical Sciences, Tarbiat
Modares University, Tehran
14115-331, Iran

“Department of Mycology, Pasteur
Institute of Iran, Tehran 13164,
Iran

* Correspondence

Masoomeh Shams-Ghahfarokhi,
Ph.D., Department of Mycology,
Faculty of Medical Sciences,
Tarbiat Modares University, Tehran
14115-331, Iran

Email: shamsm@modares.ac.ir

Article History

Received: November 22,2021
Accepted: May 02,2021
Published: June 22,2022

Backgrounds: Allium cepa L. as a traditional medicine is a rich source of beneficial bioactive
metabolites. In the present study, the effect of A. cepa ethanolic extract (EAC) was studied
on Aspergillus fumigatus growth, ergosterol synthesis, gliotoxin production, and gliP gene
expression.

Materials & Methods: The minimum inhibitory concentration (MIC) of EAC (125-4000 pg/mL)
was determined against A. fumigatus isolates according to Clinical and Laboratory Standards
Institute (CLSI) guidelines (M-38). Protease activity, gliotoxin production, cell membrane
ergosterol content, ultrastructure, and gliP gene expression were evaluated in the fungus exposed
to 0.5x MIC concentrations of EAC (1000 pg/mL) and fluconazole (FCZ: 64 pg/mL).
Findings: Ergosterol content was significantly reduced to 0.53 and 0.45 pg/mg in EAC-
and FCZ-treated fungal cells, respectively (p< .001). The protease activity was significantly
inhibited in both EAC- and FCZ-treated groups. The gliotoxin production was inhibited by
51.55 and 68.75% in the treated groups with FCZ and EAC, respectively. The expression of
gliP in both EAC- and FCZ-treated A. fumigatus groups was significantly reduced by 0.40 and
0.53-fold, respectively (p< .05).

Conclusion: This study findings revealed that A. cepa ethanolic extract (EAC) effectively
suppressed the growth and virulence factors of A. fumigatus, which could be attributed in
part to its bioactive metabolites. Further studies are recommended to isolate and identify
these metabolites as potential candidates for the development of antifungal drugs.

Keywords: Aspergillus fumigatus, Allium cepa, Antifungal activity, Ergosterol, Gliotoxin, gliP
CITATION LINKS

[1] Razzaghi-Abyaneh M, Shams-Ghahfarokhi M, Rai ... [2] Kwon-Chung K], Sugui JA. What do
.. 3] Gardiner DM, Waring P, Howlett BJ. The epipolythiodioxopiperazine (ETP) class of fungal
toxins: Distribution, mode ... [4] Cramer Jr RA, Gamcsik MP, Brooking RM, Najvar LK, Kirkpatrick
WR, Patterson ... [5] Kamei K, Watanabe A. Aspergillus mycotoxins and ... [6] Tomee ], Kauffman
H. Putative virulence factors ... [7] Spikes S, Xu R, Nguyen CK, Chamilos G, Kontoyiannis ... [8]
Bok JW, Chung D, Balajee SA, Marr KA, Andes D, Nielsen KE, et al. GliZ, a transcriptional ... [9]
Iadarola P, Lungarella G, Martorana PA, Viglio S, Guglielminetti M, Korzus E, et al. Lung injury ...
[10] Kothary MH, Chase Jr TH, Macmillan ]JD. Correlation of ... [ 11| Razzaghi-Abyaneh M, Shams-
Ghahfarokhi M, Rai M. Antifungal ... [12] Benkeblia N. Antimicrobial ... [13] Irkin R, Korukluoglu
M. Control of ... [14] Shams-Ghahfarokhi M, Goodarzi M, Abyaneh MR, Al-Tiraihi T, Seyedipour G.
Morphological evidences for onion-induced growth ... [15] Koci¢-Tanackov S, Dimi¢ G, Mojovi¢
L, Gvozdanovi¢-Varga ], Djuki¢-Vukovi¢ A, Tomovic V, et al. Antifungal activity .. [16] Shams
Ghahfarokhi M, Razafsha M, Allameh M, Razzaghi Abyaneh M. Inhibitory effects of aqueous
onion ... [17] Singh BK. Assessment of antifungal activity of .. [18] Machavarapu M, Sindiri
MK, Vangalapati M. Optimization of physico-chemical parameters for ... [19] Block E, Gulati H,
Putman D, Sha D, You N, Zhao S-H. Allium ... [20] Jahanshiri Z, Shams-Ghahfarokhi M, Allameh
A, Razzaghi-Abyaneh ... [21] Tagoe DN, Nyarko HD, Akpaka RA. Comparison of ... [22] Clinical
and Laboratory Standards Institute. M38: Reference... [23] Jahanshiri Z, Shams-Ghahfarokhi
M, Asghari-Paskiabi F, Saghiri R, Razzaghi-Abyaneh... [24] Oyeleke SB, Egwim EC, Auta SH.
Screening of ... [25] Svahn KS, Goransson U, Chryssanthou E, Olsen B, Sjolin ], Stromstedt ... [26]
Gardiner DM, Howlett BJ. Bioinformatic ... [27] Irkin R, Korukluoglu M. Control of ... 28] Lanzotti
V, Romano A, Lanzuise S, Bonanomi G, Scala E Antifungal.. [29]| Balamanikandan T, Balaji S,
Pandirajan J. Biological synthesis of ... [30] Ikegbunam M, Ukamaka M, Emmanuel O. Evaluation
of ... [31] Mellado E, Diaz-Guerra TM, Cuenca-Estrella ... [32] Alcazar-Fuoli L, Mellado E, Garcia-
Effron G, ... [33] Pinto E, Pina-Vaz C, Salgueiro L, Goncalves M], Costa-de-Oliveira S, ... [34] Tomee
JE Wierenga AT, Hiemstra PS, Kauffman HK. Proteases from Aspergillus ... [35] Khan MS, Ahmad
I, Cameotra SS. Carum copticum and ... [36] Heidary F Shams-Ghahfarokhi M, Razzaghi-Abyaneh
M. Inhibitory effects of Allium cepa L. ethanolic extract ... [37] Bruns S, Seidler M, Albrecht D,
Salvenmoser S, Remme N, Hertweck C, et al. Functional ... [38] Nazzaro E Fratianni E Coppola
R, Feo VD. Essential ...

Copyright@ 2022, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial 4.0
International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform, and build
upon the material) under the Attribution-NonCommercial terms.


http://www.modares.ac.ir
https://www.routledge.com/Medical-Mycology-Current-Trends-and-Future-Prospects/Razzaghi-Abyaneh-Shams-Ghahfarokhi-Rai/p/book/9780367738013
https://academic.oup.com/mmy/article-abstract/47/Supplement_1/S97/1077635
https://www.microbiologyresearch.org/content/journal/micro/10.1099/mic.0.27847-0
https://pubmed.ncbi.nlm.nih.gov/16757745/
https://academic.oup.com/mmy/article-abstract/43/Supplement_1/S95/1748371
https://europepmc.org/article/med/10718844
https://academic.oup.com/jid/article-abstract/197/3/479/2908693
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1698057/
https://www.tandfonline.com/doi/abs/10.3109/01902149809041532
https://pubmed.ncbi.nlm.nih.gov/6360904/
https://link.springer.com/chapter/10.1007/978-3-642-38076-1_2
https://www.sciencedirect.com/science/article/pii/S0023643803001671
https://link.springer.com/article/10.1007/s00003-009-0390-8
https://www.sciencedirect.com/science/article/pii/S0367326X04001510
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghahfarokhi%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=15567239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goodarzi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15567239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abyaneh%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=15567239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Al-Tiraihi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=15567239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seyedipour%20G%5BAuthor%5D&cauthor=true&cauthor_uid=15567239
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/jfpp.13050?casa_token=bTRlIVtVqJ8AAAAA:z-pB9kaQ-cbk5VBAYCCMtLv_nvL6It2H3dImKBEfeb0BB5GgpwP8ptDaJ363CvhJnjR69-PvGy650W8
https://www.sid.ir/en/Journal/ViewPaper.aspx?ID=3013
https://www.citefactor.org/article/index/187560/assessment-of-antifungal-activity-of-onion-allium-cepa-l-bulb-extracts
https://www.semanticscholar.org/paper/Optimization-of-physico-chemical-parameters-for-the-Machavarapu-Sindiri/3528cd24a97f88ee380b8d2b9cd6303cb32dc702
https://pubs.acs.org/doi/abs/10.1021/jf9705126
https://idp.springer.com/authorize/casa?redirect_uri=https://link.springer.com/article/10.1007/s11274-015-1857-7&casa_token=VGSb2FucmjUAAAAA:KTNqf2BRKnaPypOyp1dtwslLNmn_Hs_Y2qZDgOuXwttV_nR3uasbVvOsmktPb3Bc7BowRKU2cUPz1ERJeA
https://scialert.net/abstract/?doi=rjmp.2011.281.287
http://ascidatabase.com/author.php?author=D.N.A&last=Tagoe
http://ascidatabase.com/author.php?author=H.D.&last=Nyarko
http://ascidatabase.com/author.php?author=R.&last=Akpaka
https://clsi.org/media/1894/m38ed3_sample.pdf
https://idp.springer.com/authorize/casa?redirect_uri=https://link.springer.com/article/10.1007/s11274-017-2214-9&casa_token=knpGmBe2EQMAAAAA:4Ai_uzuIv-zBGTHntwwEfAZuhqZ6IgEK8Cf7A_zYnweJ3_c0N1t1THO_VxQ9irnjkM7p4sR3t8PDJrDxMA
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jahanshiri%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=28224386
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shams-Ghahfarokhi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28224386
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shams-Ghahfarokhi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28224386
https://www.ncbi.nlm.nih.gov/pubmed/?term=Asghari-Paskiabi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=28224386
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saghiri%20R%5BAuthor%5D&cauthor=true&cauthor_uid=28224386
https://www.ncbi.nlm.nih.gov/pubmed/?term=Razzaghi-Abyaneh%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28224386
https://www.researchgate.net/profile/Solomon-Bankole-Oyeleke/publication/228475990_Screening_of_Aspergillus_flavus_and_Aspergillus_fumigatus_strains_for_extracellular_protease_enzyme_production/links/0c96051c9b2122165c000000/Screening-of-Aspergillus-flavu\
s-and-Aspergillus-fumigatus-strains-for-extracellular-protease-enzyme-production.pdf
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0093685
https://academic.oup.com/femsle/article-abstract/248/2/241/523175
https://www.ajol.info/index.php/ajb/article/view/56223
https://www.sciencedirect.com/science/article/pii/S0031942211004948?casa_token=SjxmCnVNBwoAAAAA:W7kvw7C5OpAIRAsS9zRghFlRIK95U31h48OLrz4qxxQAgb3t8pCh5Qr7N5pfHEM9I4SrgBUOMJQ
https://www.researchgate.net/profile/Jeyaraj-Pandiarajan-2/publication/281457354_Biological_Synthesis_of_Silver_Nanoparticles_by_Using_Onion_Allium_cepa_Extract_and_Their_Antibacterial_and_Antifungal_Activity/links/55e9374308ae21d099c2e438/Biological-Synt\
hesis-of-Silver-Nanoparticles-by-Using-Onion-Allium-cepa-Extract-and-Their-Antibacterial-and-Antifungal-Activity.pdf
https://www.scirp.org/journal/paperinformation.aspx?paperid=63079
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC88166/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1366924/
https://www.microbiologyresearch.org/content/journal/jmm/10.1099/jmm.0.46443-0
https://academic.oup.com/jid/article-abstract/176/1/300/901005
https://www.scielo.br/j/bjm/a/qSSyH7H6WvWxqfmsFWThZ6N/abstract/?lang=en
https://www.sciencedirect.com/science/article/pii/S2210803322000033
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/pmic.201000129?casa_token=JuFGrmThrfMAAAAA:gZcqArY4lwNdLzU9ca0NiUr6TJb4lokT03SNxcPUZpNcfOZvBWG29yKpSIKteb2acEDWs1rO-3Es0BY
https://www.mdpi.com/234828
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nazzaro%20F%5BAuthor%5D&cauthor=true&cauthor_uid=29099084
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fratianni%20F%5BAuthor%5D&cauthor=true&cauthor_uid=29099084
https://www.ncbi.nlm.nih.gov/pubmed/?term=Coppola%20R%5BAuthor%5D&cauthor=true&cauthor_uid=29099084
https://www.ncbi.nlm.nih.gov/pubmed/?term=Coppola%20R%5BAuthor%5D&cauthor=true&cauthor_uid=29099084
https://www.ncbi.nlm.nih.gov/pubmed/?term=Feo%20V%5BAuthor%5D&cauthor=true&cauthor_uid=29099084
http://dx.doi.org/10.52547/iem.8.2.149
https://iem.modares.ac.ir/article-4-57323-en.html

[ Downloaded from iem.modares.ac.ir on 2025-07-05 ]

[ DOI: 10.52547/iem.8.2.149 ]

Allium cepa inhibitory effects on Aspergillus fumigatus

Introduction

Aspergillus fumigatus is the most important
etiological agent of invasive aspergillosis
(IA), especially in immunocompromised
individuals ™. The fungus could produce
a wide array of secretory enzymes and
secondary fungal metabolites with genotoxic
and cytotoxic activities as potential
virulence factors ?. Gliotoxin as a member
of the epipolythiodioxopiperazine (ETP)
class of fungal toxins is produced by the
non-ribosomal peptide synthetase (NRPS)
enzyme encoded by gliP in A. fumigatus >
4, This toxin is able to suppress the host
immune system by altering the function of
neutrophils and leukotrienes via inhibiting
migration, producing superoxide, and
inducing apoptosis P®. Different Kkinds
of proteolytic enzymes such as elastase,
serine protease, aspartic protease, and
metalloproteases are also produced by A.
fumigatus ' These enzymes have been
shown to facilitate tissue invasion by the
fungus [0

The emergence of drug resistance to known
antifungal drugs necessitates the need to
find novel drugs from natural sources to
combat fungal diseases ['1. Plant-derived
compounds have received much attention
in recent years due to their antifungal ac-
tivities mediated via affecting fungal cell
membrane, cell wall, and virulence factors.
Allium cepa (onion) contains organosulfur
compounds, flavonoids especially flavo-
nols, quercetin, steroid saponins, sapogen-
ins, tanins, alkaloids, kaempferol, and many
other compounds with anti-inflammatory,
anti-carcinogenic, antioxidant, antimicro-
bial, and antifungal properties ['#17 Flavo-
noids and organosulfur compounds are the
most important therapeutic phytochemi-
cals which constitute the main parts of bio-
active compounds in the Allium family (on-
ions and garlic) & 19

Objectives: This study aimed to investigate
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the effect of ethanolic extract of A. cepa L.
on A. fumigatus growth and some major
fungal virulence factors, such as gliotoxin
production, protease activity, cell membrane
ergosterol content, and gliP expression
as an essential gene involved in gliotoxin
production.

Material and Methods

Fungal strain and culture conditions: A.
fumigatusclinical isolate PFCC 474 was obtained
from Pathogenic Fungi Culture Collection
of the Pasteur Institute of Iran and cultured
on Sabouraud dextrose agar (SDA) (Merck,
Germany) culture medium supplemented
with chloramphenicol (0.005%) at 37°C for 48
hrs. Fungal spores were harvested by 3 mL of
phosphate-buffered saline (FBS) containing
0.1% tween 80, adjusted to 1-2.5x10° CFU/mlL,
and kept at 4°C until use 20,

Preparation of solvent-based extract of A.
cepa L.: A. cepa L. (golden brown bulb onion
harvested in autumn from northwestern
Iran) (1000 g) was obtained from Herbarium
of Forestry and Rangelands Research
Institute (Karaj, Iran), homogenized using
a blender, and dried. About 50 g of dried
powder was separately mixed in 250 mL
of methanol (99%), ethanol (99%), and
sterilized distilled water and sonicated
at 120 Hz for 1 hr The mixtures were
incubated at room temperature for 48 hrs
while stirring at 120 rpm and filtered by
Whatman No. 1. The aqueous extract of
A. cepa (AAC) was dried by a freeze-dryer
(Christ, Germany). Methanolic (MAC) and
ethanolic (EAC) extracts were concentrated
using a rotary evaporator (IKA, Germany)
(21 The yield percentage was calculated
using the following formula:

Extract yield (%) =R (dry weight of the
extracted plant) /S (raw plant sample) x100
Screening of the inhibitory effect of
solvent-based A. cepa L. extract on
A. fumigatus growth: About 100 pL of
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fungal suspension (1-2.5x10° CFU/mL)
was cultured on Sabouraud dextrose agar
(SDA) culture medium, and AAC, MAC, and
EAC extracts at a concentration of 500
ug/mL were inoculated into wells in agar
plates. The plates were kept at 32°C for
4 days. The extract exhibiting the highest
inhibitory activity against fungal growth

was selected and stored at -20°C until used
[18]

EACminimum inhibitory concentration (MIC):
EAC with the highest inhibitory effect
was selected to determine its minimum
inhibitory concentration (MIC). Briefly,
100 pL of fungal spore suspension (1-
2.5x10° CFU/mL) in RPMI-1640 medium
(Sigma-Aldrich, USA) was added to a 96-
well U-shaped plate. Afterwards, 100 pL
of two-fold serial concentrations of both
EAC diluted with RPMI-1640 (125-4000
pug/mL) and fluconazole (FCZ) (0.5-256
pug/mL) as a drug control were separately
added to each well and incubated at 32 2C
for 48-72 hours. The MIC was determined
as the lowest concentration that could
inhibit visible fungal growth, while
the minimum fungicidal concentration
(MFC) was determined as the lowest
concentration resulting in no growth or
turbidity compared to the control group.
To determine the MFC of EAC, 50 pL of
the contents of the wells with no visible
fungal growth were cultured on SDA plates
and incubated at 32°C for 48-72 hrs. The
extract concentration in SDA plates in
which no fungal colonies appeared was
considered as MFC. Each experiment was

Musivand B. & et al.

repeated three times, and mean values
were represented for MICs and MFCs 22,
Assessment of ergosterol content in
EAC-treated A. fumigatus: Ergosterol
content of fungal mycelia exposed to 0.5x
MIC concentrations of EAC (1000 pg/mL)
and FCZ (64 pg/mL) was determined as
previously described and calculated by the
following formulas [23.
(A):%Ergosterol+%?24(28)dehydroergosterol
(DHE)=[(Abs,,, ./290)xF]/weightofpellet
(B): % 24(28) DHE = [(Abs,, /518) x F]/weight
of pellet

% Ergosterol = A-B

Where F is the dilution factor, and 290 and
518 are the E values for crystalline ergosterol
and 24(28) dehydroergosterol, respectively.
The absorbance of the samples was read at
two wavelengths of 281.5 (A, . .) and 230 nm
(A230)'

Production and activity of the secretory
protease: Protease activity of A. fumigatus
isolates treated with 0.5x MIC concentrations
of EAC and FCZ was measured in a protein-
based medium [?*. Briefly, 100 pL of fungal
spore suspension (1-2.5x10° CFU/mL) in
Czapek Dox medium (K,HPO,: 1 g/L, MgSO,
-7H,0: 0.5 g/L,KCl: 0.5 g/L, FeSO,-7H,0: 0.01
g/L, and sucrose: 30 g/L) (HiMedia, India)
containing 1% casein (Merck, Germany) was
added to 0.5x MIC concentrations of EAC
and FCZ and incubated at 32 2C for 48-72
hours. Fungal cultures were centrifuged at
10,000xg for 15 min, and the supernatants
were used for enzyme activity assay. Then
100 pL of each supernatant was mixed with
3 mL of reaction mixture containing 0.5%

230

281.5

Table 1) In vitro antifungal susceptibility of A. fumigatus to A. cepa ethanolic extract (EAC) and fluconazole (pg/mL)

. MIC Range MIC MIC MEFC
Antifungal Compound 50 20
S (ng/mL) (ng/mL) (ng/mL) (ng/mL)
EAC 125-4000 1000 2000 4000
Fluconazole 0.5-256 64 128 256
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casein in 2.95 mL of Tris-HCl buffer (0.1 M,
pH 8.0) and incubated at 40°C for 30 min.
The reaction was stopped by adding 3 mL
of cold trichloroacetic acid (10%), and the
mixture was kept at room temperature for
1 hr. The supernatants were removed by
centrifugation at 8,000xg for 5 min, and
their absorbance was read at 540 nm using
a UV/Vis-1601 PC spectrophotometer
(Shimadzu, Japan). The enzyme unit (ug/
mL/min) was defined as the amount
of enzyme able to oxidize one pmolL of

substrate per min under assay conditions
[24]

Measurement of gliotoxin production: A.
fumigatus spores (1-2.5x10° CFU/mL) were
cultured in 100 mL of Czapek Dox broth
(HiMedia, India) supplemented with yeast
extract (0.5%) in culture flasks and treated
with 0.5x MIC concentrations of EAC and
FCZ. The flasks were kept in a shaking
incubator at 32°C for 72 hrs. The culture
media were centrifuged at 4000 rpm for 15
min and extracted by methanol (1:1 v/v).
Methanolic extracts were concentrated
using a rotary evaporator (IKA, Germany).
The residue was dissolved in acetonitrile/
water/acetic acid (99:99:2), and 50 pL
the extract was injected intothe HPLC
column (TS TSK-GEL ODS-80 4.6x150 mm).
Methanol/water (70:30) as the mobile
phase was pumped at a rate of 1.0 mL/
min during 6 min. Standard curves were
constructed using gliotoxin (Sigma-Aldrich,
USA). The levels of gliotoxin in EAC- and
FCZ-treated samples were measured and
compared to the standard level [2°,

Expression of gliP gene in EAC-treated A.
fumigatus: A. fumigatus spore suspension
(1-2.5x10° CFU/mL) was cultured in 100
mL of Czapek Dox broth (HiMedia, India)
in culture flasks and treated with 0.5x
MIC concentrations of EAC and FCZ. The
flasks were kept in a shaking incubator
at 32 °C for 72 hrs. The mycelial mass
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was harvested and ground in a porcelain
mortar. Total RNA was purified from the
homogenized fungal mycelia using RNX-
Plus kit (Sinaclone, Iran) and treated with
RNase-free DNase (Fermentas, USA). First-
strand cDNA synthesis was carried out
using the related kit (Fermentas, USA).
Real-time PCR reaction was carried out
in a final volume of 20 pL consisting of 10
uL of 2x prime Q-Master SYBR mix (Genet
Bio, Korea), 1 uL of each primer solution
(10 mM) containing gliP gene (forward:
5’- AGCACCACAAAGGTCATTCC-3’; reverse: 5'-
GTAGAGGCTATGCCGTGAGC-3") and f-acti gene
(forward: 5-TGCTCTCGTTATCGACAATGGT-3’;
reverse: 5-CATCGTCACCGGCGAAA-3’), 1
uL of total cDNA sample, and distilled water
using an ABI PRISM 7500 thermal cycler
(Applied Biosystems) 2% 26l PCR thermal
cycling conditions were as follows: a pre-
denaturation step at 94°C for 10 min,
followed by 40 cycles of denaturation at
94°C for 30 s, annealing at 60°C for 30s,
and extension at 72°C for 30 s. Differences
in Ct values between the target (gliP) and
reference (f-actin) genes in treated and
non-treated samples were evaluated using
the comparative threshold (CT) method
(2 "2 and analyzed by REST© software
(2009, Version 2.0.13).

Statistical analysis: All data were analyzed
and compared using ANOVA in GraphPad
Prism software Ver. 9.2.0 (San Diego, CA). P
values lower than 0.05 were considered as
statistically significant.

Findings

Screening of the inhibitory effect of
solvent-based A. cepa L. extract against
A. fumigatus growth: Screening of the
inhibitory effects of aqueous (AAC),
methanolic (MAC), and ethanolic (EAC)
extracts of A. cepa on A. fumigatus fungal
growth showed that the highest zone of
inhibition was related to EAC (2.6+0.1 cm)
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Table 2) Effect of A. cepa ethanolic extract (EAC) on protease activity, cell membrane ergosterol content, and

gliotoxin production in A. fumigatus isolates

Protease Activity ~ Inhibition el () Inhibition of Gliotoxin Inhibition
Groups (pmol/min) of Protease gMean+ SDug Ergosterol Production (uM)  of Gliotoxin
Mean=SD Activity (%) . (%) Mean+SD Production (%)
EAC-treated 45.081.06+ 64.23 0.4520.067+ 56 2.30+0.09 68.75
Fluconazole- ¢ 014 014 4621 0.5370.012+ 48 3.56:0.03 51.55
treated
Non-treated 115.8749.0 0.0 1.0450.010+ 0 6.23£0.6 0.0

control

in comparison with AAC (0.0+£0.0 cm) and
MAC (2.120.1 cm) (Fig. 1).

Figure 1) Screening of antifungal effects of
aqueous (A), ethanolic (B), and methanolic
(C) extracts of A. cepa on A. fumigatus

Determination of minimum inhibitory
concentration: MIC and MFC values of
EAC against the standard clinical isolate
of A. fumigatus were determined and
compared with those of FCZ (Table 1).
The results indicated that MIC, and MFC
values of EAC against A. fumigatus growth
were 2000 and 4000 pg/mL, respectively.
For FCZ, these values were reported to be

Infection Epidemiology and Microbiology

128 and 256 pg/mlL, respectively.
Evaluation of ergosterol content in
EAC-treated A. fumigatus: The mean
ergosterol production in A. fumigatus
isolates treated with EAC and FCZ at
concentrations of 1000 and 64 pg/mL
was 0.452 and 0.537 pg/mg, respectively.
While this value in non-treated group
was 1.045 pg/mg (Table 2). Therefore,
ergosterol production was inhibited by
48 and 56% in the FCZ- and EAC-treated
groups, respectively. The analysis of
the results was performed by one-way
ANOVA, and significant differences were
shown between the EAC/FCZ-treated and
non-treated groups (p< .001).
Evaluation of protease activity in EAC-
treated A. fumigatus: Total activity
of protease enzyme was reduced in A.
fumigatus isolates treated with EAC and
FCZ at concentrations of 1000 and 64
ug/mkL, respectively. The mean protease
production was determined to be 45.08,
60.51, and 115.87 pmol/min/mg in the
EAC and FCZ-treated and non-treated
groups, respectively (Table 2). Therefore,
protease production was inhibited
by 64.23 and 46.21% in the EAC and
FCZ-treated groups, respectively. The
analysis of the results showed significant
differences between the EAC/FCZ-treated
and non-treated groups (ANOVA, p<.001)
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(Fig. 2).
150 =
= 115 87 =3 EAC- treated
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Figure 2) Evaluation of protease activity in A.
fumigatus isolates treated with EAC and FCZ
(MIC,, concentration; pg/mL). The results showed
significant differences between the treated and non-
treated groups (p<.001).

Effect of EAC on gliotoxin production in
A. fumigatus: Gliotoxin production was
affected by EAC and FCZ and reduced in A.
fumigatus isolates treated with EAC and FCZ
at concentrations of 1000 and 64 pg/mlL,
respectively. The mean gliotoxin production
was determined to be 2.30+0.15, 3.56+0.9,
and 6.23+0.14 pM in the EAC and FCZ-
treated and non-treated groups, respectively
(Table 2). The results showed significant
differences between the treated and non-
treated groups (ANOVA, p< .01) (Fig. 3).

= EAC- freated
Bl FCZ- treated
Hm Control

[-:]
|

6.23

Gliotoxin production (uM)

Concentration {pg/ml)

Figure 3) Gliotoxin productionin A. fumigatusisolates
treated with EAC and FCZ (MICSO concentration;
pg/mL). The results showed significant differences
between the treated and non-treated groups (p<.01)

Expression of gliP gene in A. fumigatus:

Real-time PCR was performed using
specific primers to evaluate the expression
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of the gliP gene, as a mediator of gliotoxin
biosynthesis, in A. fumigatus isolates treated
with 0.5x MIC concentrations of EAC (1000
pug/mL) and FCZ (64 pg/mL). For relative
quantitative measurements, the expression
of the gliP gene was measured according to
the 27%4¢T formula. As shown in Fig. 4, the
gliP gene expression in the EAC- and FCZ-
treated groups was reduced by around 2
fold at mRNA level, which was significant in
comparison with non-treated control group
(p< .05). Both EAC and FCZ were able to
inhibit gliP expression similarly. Thus, there
was no significant difference in inhibition of
gliP expression between the EAC- and FCZ-
treated groups (p> .05).

1.5

gliPfolding change

Figure 4) Comparison of gliP gene expression at
mRNA level in A fumigatus between the control
and treated groups with EAC (1000 pg/mL) and
fluconazole (64 pg/mL) (p< .05).

Discussion

In the present study, the effect of ethanolic
extract of A. cepa L. was investigated on
A. fumigatus growth and some major
fungal virulence factors, such as gliotoxin
and protease production, cell membrane
ergosterol content, and gliP gene expression.
Although the growth inhibitory activity of A.
cepa has been proven against various fungi
including dermatophytes ['* and saprobes
such as Aspergillus species 1212730 little is
known about this plant mechanism of action
at cellular and molecular levels.
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Three ceposides were extracted from white
onion in a study and shown to strongly inhibit
the growth of some filamentous fungi at 200
ppm concentration 28, Kocic’-Tanackov et
al. (2017) identified 21 compounds in onion
essential oil, and the major components were
dimethyl-trisulfide (16.64%) and methyl-
propyl-trisulfide (14.21%). They showed
that onion essential oil caused macro-
morphological and micro-morphological
changes and delayed or prevented fungal
growth at different concentrations (3.5,
7.0, 14.0, and 28.0 pL/100 mL). At a
concentration of 28.0 uL./100 mL, the growth
of A. carbonarius, A. wentii, A. versicolor,
Penicillium brevicompactum, P glabrum,
P chrysogenum, and Fusarium spp. was
completely inhibited, and the growth of A.
niger and P. aurantiogriseum was reduced 15,
In another study, organic ethanolic extract
of onion (A. cepa) (MFC: 275 mg/mL) was
shown to inhibit the growth of A. flavus,
A. niger, and Cladosporium herbarum,
and this inhibitory activity was highly
significant against A. flavus and A. niger
(p< .0032 and p< .0041, respectively) 211,
Significant antifungal activity of onion-
based synthesized nanoparticles against
various Aspergillus spp. was revealed by
Balamanikandan et al. (2015) [?°!. Antifungal
activities of aqueous and alcoholic extracts
of A. cepa against Candida albicans, A. niger,
and Trichophyton rubrum were reported by
Ikegbunam et al. (2016) B%. In another study,
ultrastructural cell damage was reported
in T rubrum and T mentagrophytes after
exposure to fresh A. cepa aqueous extract at
a concentration of 200 mg/mL. In addition,
breakage and rupture in the cell wall,
loosening and reducing of cell membrane,
excessive vacuolization, deposition of lipid
globules, and disintegrated cytoplasm were
observed in A. cepa-treated T rubrum and
T. mentagrophytes ¥, The present study
findings showed that EAC at a concentration
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of 1000 pg/mL reduced the growth rate of
A. fumigatus by 50%, and the fungal growth
was completely inhibited at a concentration
of 4000 pg/mL.

Ergosterol, as the main sterol in
fungal membranes, is essential for the
developmental growth of the fungus B% 32,
Studies have proven that Thymus pulegioides
essential oil has high levels of carvacrol and
thymol, whichhaveantifungal activity against
Candida, Aspergillus, and dermatophytes
and reduce ergosterol content [3. The
present study results showed that EAC and
FCZ at 0.5x MIC concentrations (1000 and
64 pg/mlL, respectively) decreased the cell
membrane ergosterol content to 0.45 and
0.53 pg/mgoffungal dry weight, respectively.
These results indicate that EAC has a high
potential activity to damage A. fumigatus cell
membrane permeability.

Studies have reported the inhibitory activity
of Carum copticum and T vulgaris oils
against elastase and keratinase activities in
A. fumigatus and T. rubrum B*3%, This study
results showed that EAC reduced protease
activity (38.84 pmol/min/mg) in treated A.
fumigatus isolates more than fluconazole
(58.14 pmol/min/mg).

Heidary et al. (2022) showed that A. cepa
extract at 0.5x MIC concentration (1.1 mg/
mL) potentially inhibited C. albicans growth
and reduced proteinase and phospholipase
activity and cell membrane integrity,
hydrophobicity, and ergosterol content
as the major fungal virulence factors [,
Bruns et al. (2010) reported an increase
in gliotoxin production in A. fumigatus,
which might be a putative fungal factor for
persistence in chronic lung infections B7..
Various studies have shown that cinnamon,
clove, oregano, palmarosa, and lemongrass-
derived essential oils inhibit the production
of mycotoxin and decrease the expression of
related genes [2%23 381 In this study, gliotoxin
production was reduced to 2.30 and 3.56 pm
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in EAC and FCZ-treated A. fumigatus isolates
compared with the control (6.23 pM),
respectively. GIiP gene has been proved to be
as one of the crucial mediators of gliotoxin
biosynthesis in A. fumigatus. This study
results showed that gliP expression was
significantly down-regulated by 0.40 and
0.53-fold in A. fumigatus isolates exposed
to 0.5x MIC concentrations of EAC and FCZ,
respectively. The importance of biologically
active organosulfur compounds such as
sulfide derivatives, thiopropanal-S-oxide,
fistulosin, and alicepin in Allium species
could be attributed to their antifungal
activities ['> 1281 Further studies are needed
to purify and characterize A. cepa active
components and their mode of antifungal
action at cellular and molecular levels.

Conclusion

The present study showed that ethanolic
extract of A. cepa (EAC) suppressed gliP
as a crucial gene involved in gliotoxin
biosynthesis in A. fumigatus and efficiently
inhibited the major virulence factors of
the fungus in a dosedependent manner,
including the growth and morphogenesis,
cell membrane ergosterol content, protease
activity, and gliotoxin production. Given the
increasing resistance of A. fumigatus, as
the major cause of life-threatening invasive
aspergillosis, to antimicrobial agents and
increasing public interest in non-chemical
and herbal-based treatments, plant extracts
such as A. cepa could open up a promising
horizon for combating Aspergillus-related
infections. Further studies are recommended
to isolate and identify A. cepa bioactive
metabolites and their in vivo activity in
animal experimental models.
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