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Abstract---Antibacterial, antifungal, and antiviral activities are all
present in silver nanoparticles. Silver nanoparticles have the capacity
to penetrate bacterial cell walls, altering cell membrane structure and
even causing cell death. The efficiency of silver nanoparticles on the
fungi that cause the black fungus linked with Covid was investigated
in this study,The poisoned food technique was utilized with
concentrations of 5%, 10%, and 20%, and while all of the
concentrations were efficient, the effect was larger when the greatest
concentration was employed.The efficacy of mushrooms was also
tested against these fungi that cause mucormycosis,The antifungal
activity of ethanol extracts of Agaricus bisporus against Rhizopus
arrhizus was determined in vitro using the poison food approach and
different concentrations of the extract (8, 10, 16 mg/ml). The
maximum effect of ethanolic extract against Rhizopus arrhizus growth
was achieved at 8 mg/ml, and the maximum effect of ethanolic extract
was achieved at 16 mg/ml, with a growth rate of 57.5mm.

Keywords---black fungus, mucormycosis, silver nanoparticle,
mushroom, agaricus bisporus, COVID-19.

Introduction

Mucormycosis is a rare fungal infection with a high death and morbidity rate that
has interest of health experts and physicians worldwide, particularly in India
(1,2). Excessive drug usage and advanced age are also risk factors for
pharmaceutical side effects. Many older persons have many chronic ailments,
which requires them to take multiple drugs, increasing their risk of contracting
opportunistic epidemic infections (3). Mucormycosis has resurfaced in the news in
2020, in part due of its link to severe COVID-19 infection which Its symptoms are
fever, shortness of breath, phlegm, brain pain, coughing, muscle pain or fatigue.
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Immunosuppressive medications, and uncontrolled diabetic mellitus (4,5)
Mucorales fungi invade various kinds of damp, organic materials and are an
inextricable aspect of the human environment. They are economically important
as soybean product fermenting agents and enzyme makers, as well as plant
parasites and spoiling organisms. Several taxa can cause life-threatening
infections, especially in those with weakened immune systems. The order
Mucorales, which includes 261 species in 55 genera, has been classified to the
phylum Mucoromycota infections in humans have been observed in 38 of the
recognized species, resulting in a clinical condition known as mucormycosis (6)
Rhizopus, Mucor, Absidia, and Cunninghamella belong to the Mucorales, The
Mucorales fungus is responsible for the majority of human fungal infections, with
Rhizopus oryzae being the most dangerous of these diseases(7).These fungi have
unrestricted cottony mycelia that ranges in color from white to grey to black(8).

Many antifungal drugs are resistant to them, and the types of antifungal agents
available for treatment are extremely limited. Because fungi are eukaryotic
organisms with a structure and metabolism comparable to their eukaryotic hosts,
this is the case. As a result, antibiotics with novel antibacterial mechanisms are
unavoidably and urgently required in medicine(9,10,11).Because of scientific
advances in metal nanoparticle research, Ag-Nps have gotten a lot of attention as
a probable antibacterial agent and for therapy,Nanoparticles are also designed to
target drug delivery and release drug continuously or delayed in fungal infections,
this is owing to the mechanical, thermal, and catalytic capabilities of
nanoparticles with a significant surface to volume ratio, which influence the
nanoparticles' mechanical, thermal, and catalytic nature(12,13,14,15,16).Recent
progress in metal nanoparticle research appears to be promising. Ag-Nps made
using various synthetic processes have been demonstrated to have effective
antibacterial action(17) Nanotechnology, which deals with nanometer-sized
things, has sparked a lot of attention in recent years, nanoparticles are made via
physical, chemical, and biological processes(18).

A mushroom is a macro fungus with a characteristic fruiting body that can be
epigeous (above ground) or hypogenous (below ground) and large enough to be
seen and collected by hand,the most common mushroom is an umbrella-shaped
mushroom with a pileus (cap) and stipe (stem), with some species having an
annulus (ring), such as Agaricus bisporus (19,20).Higher fungi are Macromycetes
that belong to the phylum Basidiomycota and some that belong to the phylum
Ascomycota(21).,The fruit bodies of mushrooms contain a number of essential
minerals such as copper, zinc, iron, potassium, selenium, sodium, phosphorous,
manganese and magnesium.(22), This mushroom possesses a number of
medicinal and therapeutic properties. It is known worldwide for its anti-cancer,
anti-tumor, pharmacological, cholesterol-lowering, immunostimulating,
antimicrobial, anti-inflammatory, and antioxidant activities (23,24)

Materials and Methods
Materials

Silver nanoparticles/origin USA, ketocanazole (antifungal), dimethyl sulfoxide
(DMSO) solution /origin India, mushroom (Agaricus bisporus)
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Isolation of the fungi causing black fungus from Covid patients

e A -Specimens were obtained by nasal swab method from the patients that
infected with Covid 19 virus. Specimens were collected in a sterile way,
cultured, and then transported to the lab for incubation and testing

e B - The isolates were phenotypically and molecularly characterized
(Rhizopus arrhizus). (25)

Preparation of silver nanoparticles concentration

The different concentrations of silver nanoparticles were prepared using sterile
distilled water and DSMO, 20, 10 and 5 mg of silver nanoparticles were dissolved
in Sml of DSMO and 95 ml of distilled water to prepare concentrations (20%,
10%, 5%) respectively by used Hot plate with magnetic stirrer.(26)

Prepation of Agaricus bisporus extract

Mushroom (Agaricus bisporus) was obtained from Al-Wadaq farm for the
production of mushrooms located in Baghdad near Basmaya residential complex
in December 2021, which Diagnosed phenotypically and molecularly. The
mushrooms were washed with plain water, then with distilled water, and cut into
small pieces with a clean knife and dried by air at a temperature of 50 degrees
Celsius and then grinded for the purpose of obtaining on powder. The alcoholic
extract was made using 400 ml of (80%) methanol alcohol as a solvent for 100 gm
of dry powder using a Continuous Soxhlet Extraction device (27)

Preparation of ketocanazole soulution

S ml of Dimethylesulphoxide (DMSO) was placed at a concentration of 100% in an
airtight tube, add 50 mg of antifungal to it, then shake the solution vigorously
using the Vortex, and consider the solution at a concentration of 10,000 pg/ml.(
as negative control )

Screening silver nanoparticls for antifungal activity
The experiment was carried out using the poisoned food approach:

e Measurement of colony growth rate on solid medium, involved pouring SDA
medium at 50 °C over 1 ml of each concentration (5 %,10 %, and 20%)from
Ag-Nps solution in Petri dishes and making a circular motion for it to
homogenize with the medium.Following the above step of solidifying the
medium, the inoculum was transferred using a 5 mm diameter cork borer
from new isolates that were 4-5 days old and placed in the middle of the
dish with three replicates of each concentration for each isolate, then the
dishes were incubated at 37 °C for four days and the measurements were
taken. The colony's diameter was measured and compared to a positive
control plate and a negative control plate. (antifungal dish is made by
pouring 1 ml of the antifungal solution ketaconazole into a Petri dish, then
pouring the SDA medium and allowing it to harden, as well as inoculating
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with a cork piercing 5 mm in diameter and transferring part of the fungal
culture.)

On a liquid media, the dry weight of fungus growth is measured. Using the
poisoned food approach, the experiment was carried out by pouring SDB
medium at 50 °C over 1 ml of the concentrate in a 20 ml tube. Inoculum
with a diameter of 5 mm was transferred from fresh 4-5 day old isolates and
deposited in the tubes, which were subsequently cultured at 37°C for 4
days. The growth is filtered using filter paper after incubation, then dried in
an oven at 50°C for 24 hours before the filter papers are weighed. The
negative and positive control tubes were compared.

Testing Agaricus bisporus' antifungal activity

Using the poisoned food technique, its effect on mucorales was investigated (28):

On solid media, the rate of colony growth is measured.

3 ml of each concentration of alcoholic extract (8,10,16 mg/ml) was placed
in the center of a Petri dish, then SDA medium was poured over it at 50-
45°C and the medium was poured in a circular motion, then the medium
was let to solidify with three replicates for each concentration ( 29 ). It was
incubated for 5 days at 37°C, and colony growth in the poisoned and non-
poisoned plates was compared, and the colony growth rate was calculated.
On a liquid media, the dry weight of fungus growth is measured.

At 50 °C, 3 mL of each alcoholic extract was placed in glass vials (20 mL
capacity) containing SDB medium in concentrations of 8, 10, and 16
mg/mL. 5 days at 37°C incubation After incubation, the growth is filtered
using filter paper and dried in a 50 °C oven for 24 hours before being
weighed and compared to the negative and positive control tubes.

Result

Rhizopus arrhizus identification

Rhizopus arrhizus was identified according to agricultural and microscopic
features, and identified by using the identification keys (fig 1,2),as well as a
molecular diagnosis

R

on SDA Media



Fig 2. Rhizopus arrhizus isolate under microscope

Antifungal activity

solutionare summarized in tables (1-a),(1-b) figure (3-B)

e The results of the antifungal response shown by alcoholic extract of
Agaricus bisporus are summarized in tables (2-a),(2-b) figure(3-C)
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A - The results of the antifungal response shown by silver nanoparticles

Table 1-a
Effect of silver nanoparticles on the radial growth of isolated Rhizopus arrhizus
Con. 5% 10% 20% Antifungal Positive
Fungal % Fungal Fungal % Fungal % control
growth growth growth growth
The specime (mm) (mm) (mm) (mm)
1 25.22+3.45 | 71.97% 22+2.82 75.55% 15.88£3.1 82.35% 5.7210.44 93.64+0.18 90+0
3.84 3.14 3.44
2 26t 3.09 71.11% 22+3.09 75.55+ | 18.16%2.85 | 79.82+ 5.4£0.35 94+0.08 90£0
3.44 3.44 3.17
LSD (P<0.05) 3.681
Table 1-b
Effect of silver nanoparticles on the dry weight of isolated Rhizopus arrhizus
Con. 5% 10% 20% Antifungal Positive
The % The % The weight % The weight % control
weight weight (mm) (mm)
e (mm) (mm)
specime
1 0.135%0. 67.31% 0.102+0 | 75.33%4.45 0.074+0.009 82.08+4.08 0.041+0.001 90.07£0.14 | 0.413%0.
034 8.8 .006 015
2 | 0.146%0. 65.23% 0.100+0 | 76.19+2.26 0.071+0.009 83.09£1.29 0.043+0.005 89.76+0.06 | 0.420=0.
04 10.2 .005 005
LSD 0.087
(P<0.05)




7808

Table 2-a
The effect of alcoholic extract of Agaricus bisporus on the redial growth of
Rhizopus arrhizus

Con. 8% 10% 6% Antifungal Positive
Fungal % Fungal % Fungal % Fungal % control
The growth growth growth growth
specime: (mm) (mm) (mm) (mm)
1 51.33%£3.46 41.88+ 43.33+ 50.9 38.66%1 56.23%1.11 5.44£0.37 93.84+0.08 88.33%2.5
3.84 4.47 4+4.96
2 50+ 1.26 43.92+ 41.66% 53.27+ 36.33% 59.254+2.18 5.41£0.37 93.93+0.06 89.16+2.04
1.4 3.66 4.07 3.44
LSD 4.118
(P<0.05)
Table 2-b
Effect of alcoholic extract of Agaricus bisporus on the dry weight of isolated
Rhizopus arrhizus
Con. 8% 10% 16% Antifungal Positive
The weight % The weight % The % The weight % control
e (mm) (mm) weight (mm)
specime (mm)
1 0.390+0.006 7.58+£1.08 0.371+0.007 12.08+1. 0.334+ | 20.85+0.78 | 0.043+0.005 89.81+0.02 0.422+0.005
6 0.015
2 0.401+0.01 6.96+0.45 0.373+0.007 13.45+1. 0.341+ | 20.88+1.23 0.043+0.005 | 90.02+0.02 0.431+0.005
02 0.012
LSD 0.014
(P<0.05)

Fig 3. A-Rhizopus arrhizus under the same conditions and without any treatment,

B-Effect of silver nanoparticles on the growth of Rhizopus arrhizus, C-Effect of

alcoholic extract of Agaricus bisporus on the growth of Rhizopus arrhizus, D-
Effect of antifungal ketocanazole on the growth of Rhizopus arrhizus
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Discussion

e The effect of silver nanoparticles solution on Rhizopus arrhizus growth was
extremely evident; the maximum effect was archived at a concentration of
20%, resulting in a growth rate of 16.5 mm .According to (30, 9): Because of
their high affinity for fungal cell membranes, Ag-Nps connect to them and
penetrate them, causing cell lysis by generating structural changes in the
fungus' core, resulting in a low molecular weight site, and finally Ag-Nps
bind to the respiratory chain, causing cell death. Silver ions are released by
Ag-Nps in fungal cells, boosting antifungal activity. Nano-Ag has been
proven to exhibit antibacterial properties in numerous studies (11, 31,10).
Kim and other in 2008 (17) noted that Nano-Ag can inhibit the growth of
dermatophytes, which cause superficial fungal infections.

e There was a clear effect of alcoholic extract on the growth of Rhizopus
arrhizus ; the maximum effect of alcoholic extract of Agaricus bisporus was
archived at a concentration of 16 mg/ml, resulting in a growth rate of 57.5
mm .Mushrooms contain a variety of proteins and chemicals that have
antifungal, antibacterial, and antiviral properties; polypeptide alveolarin and
peptide eryngin, for example, have strong antifungal properties (32 ,33
,34,35,36 ,37). The ethanolic extract of Agaricus bisporus displayed
antifungal efficacy against some fungi according to Kumar and Yadav
(38).Many research have been conducted on the antimicrobial property of
mushroom extracts against a variety of microorganisms (39). And the
ethanolic extract of Agaricus bisporus displayed antifungal efficacy against
some fungi according to Kumar and Yadav (38).In 2020, Sultan and
other found that mushrooms can inhibit the growth of Aspergillus flavus(29)
.And in 2020,Karnwell and others (40) showed in their study the
effectiveness of an alcoholic extract against several species of bacterial
pathogens.

Conclusion

This research focuses on the use of Nano-Ag on pathogenic fungal strains. Nano-
Ag is thought to be a possible anti-infective agent for human fungal illnesses.We
have seen this with effectiveness against the Rhizopus arrhizus fungus.Many
scientists feel that silver nanoparticles are beneficial can discharge silver ions in a
continuous stream to kill pathogens. According to the findings of this study, the
ethanol extracts of Agaricus bisporus showed good activity against Rhizopus
arrhizus , indicating that Agaricus bisporus is beneficial to human health and
could be used as a natural source of antifungal agent in the development of a new
drug for fungal infections instead of commercial antifungal drugs, which can lead
to drug resistance.

Competing interest’s statement

The author(s) declare(s) that there is no conflict of interest.



7810

Acknowledgments

This study was conducted in the laboratories of the College of Science/University
of Al-Qadisiyah, for them we are very grateful. As for the isolation, he was from
Al-Diwaniyah Hospital, Al-Qadisiyah Governorate/Iraq ,Thank you to everyone
who extended a helping hand in any way.

References

1.

2.

10.

11.

12.

13.

14.

Hibbett DS, Binder M, Bischoff JF. A higher level phylogenetic classification
of the Fungi. Mycol Res. 2007;111:509-47.

Mor, S., Saini, P., Wangnoo, S. K., & Bawa, T. (2020). Worldwide spread of
COVID-19 Pandemic and risk factors among Co-morbid conditions especially
Diabetes Mellitus in India. Research Journal of Pharmacy and
Technology, 13(5), 2530-2532.

Dawood, B. S., Al Omar, M., & Palaian, S. (2022). Pharmaceutical care
program for Polymedicated elderly patients visiting Community Pharmacies in
UAE during COVID-19 Pandemic: A Study Protocol. Research Journal of
Pharmacy and Technology, 15(1), 305-310.

Sultana, T. S., Umamaheswari, S., Sivakumar, M., & Khan, S. U. (2022). De
Novo In-silico Pharmacological Analysis of Herbal Phytoconstituents for
COVID-19 Treatment. Research Journal of Pharmacy and Technology, 15(1),
257-262.

Selarka, L., Sharma, S., Saini, D., Sharma, S., Batra, A., Waghmare, V. T., ...
&Ong, J. J. (2021).Mucormycosis and COVID-19: An epidemic within a
pandemic in India. Mycoses, 64(10), 1253-1260.

Walther, G., Wagner, L., &Kurzai, O. (2019). Updates on the taxonomy of
Mucorales with an emphasis on clinically important taxa. Journal of
fungi, 5(4), 106.

Alom, S., Farak Ali, M., &Zaman, K. (2021). A COMPREHENSIVE REVIEW
ON MUCORMYCOSIS (BLACK FUNGUS) AND ITS ASSOCIATION WITH
COVID-19. Current Trends in Pharmaceutical Research, 8(1)

Ibrahim, A. S., Spellberg, B., Walsh, T. J., &Kontoyiannis, D. P. (2012).
Pathogenesis of mucormycosis. Clinical Infectious Diseases, 54(suppl_1), S16-
S22.

Nasrollahi, A., Pourshamsian, K. H., &Mansourkiaee, P. (2011). Antifungal
activity of silver nanoparticles on some of fungi.

.Silver, S. (2003). Bacterial silver resistance: molecular biology and uses and
misuses of silver compounds. FEMS microbiology reviews, 27(2-3), 341-353.
Klasen ,H.J. (2000), A historical review of the use of silver in the treatment of
burns. II. Renewed interest for silver. Burns, 26,131-138

Mathin, S. A., Raju, M. D., & Reddy, D. R. S. (2020). Green synthesis,
characterization and application study of Zinc nano particles synthesized
using aqueous root extract of Sphagneticola trilobata Lin. Research Journal of
Pharmacy and Technology, 13(12), 5972-5978.

Baker, C., Pradhan, A., Pakstis, L., Pochan, D. J., Shah, S. I. (2005),
Synthesis and antibacterial properties of silver nanoparticles. J. Nanosci.
Nanotechnol, 5, 244-249.

Chauhan, S., & Swamynathan, G. (2022). GC-MS Analysis of Phytochemicals
and Green synthesis of Silver nanoparticles from Amaranthus



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

7811

parganensis. Research Journal of Pharmacy and Technology, 15(4), 1523-
1526.

Lok, C. N., Ho, C. M., Chen, R., He, Q. Y., Yu, W. Y., Sun, H., ... &Che, C. M.
(2006). Proteomic analysis of the mode of antibacterial action of silver
nanoparticles. Journal of proteome research, 5(4), 916-924

Srinidhi, K. R., Subrahmanyam, V. M., Alex, A. T., Mathew, A. J., & Kamath,
B. V. (2020). Role of Nano-formulation in the treatment of
Onychomycosis. Research Journal of Pharmacy and Technology, 13(1), 453-
455.

Kim, K.J.; Sung, W.S.; Moon, S.K.; Choi, J.S.; Kim, J.G. & Lee, D.G. (2008).
Antifungal effect of silver nanoparticles on dermatophytes. Journal of
microbiology andbiotechnology, Vol. 18, No. 8, (August) 1482- 1484, ISSN
1017-7825

Gomaa, S. K., Zaki, R. A., El-Behery, R. R., & El-Refai, H. A. (2022). Eco-
Friendly Biogenic Synthesis of Metallic MgO Nanoparticles as Potent
Antibacterial and Antibiofilm. Research Journal of Pharmacy and
Technology, 15(1), 63-70.

Chang, S. T., & Miles, P. G. (2004). Mushrooms: cultivation, nutritional value,
medicinal effect, and environmental impact. CRC press

Inbakani, S. A., & Siva, R. (2017). Biosynthesis of silver nanoparticles using
edible mushrooms and it's bactericidal activities. Research Journal of
Pharmacy and Technology, 10(2), 467-472.

Balakumar, R., Sivaprakasam, E., Kavitha, D., Sridhar, S., & Kumar, J. S.
(2011). Antibacterial and antifungal activity of fruit bodies of Phellinus
mushroom extract. International Journal of Biosciences, 1(3), 72-77.

Kala¢, P., & Svoboda, L. (2000). A review of trace element concentrations in
edible mushrooms. Food chemistry, 69(3), 273-281

Khojah, E., Sami, R., Helal, M., Elhakem, A., Benajiba, N., Alharbi, M.,
&Alkaltham, M. S. (2021). Effect of coatings wusing titanium dioxide
nanoparticles and chitosan films on oxidation during storage on white button
mushroom. Crystals, 11(6), 603.

Bansal, V., Tyagi, S., Ghosh, K., & Gupta, A. (2020). Extraction of protein
from Mushroom and determining its Antioxidant and Anti-Inflammatory
Potential. Research Journal of Pharmacy and Technology, 13(12), 6017-6021.
Sciortinodr, C. V. (2017). Atlas of clinically important fungi. John Wiley &
Sons

Dixit, S. N.; Tripathy, S. C. and upadyyey, R.R. (1976). The antifungal
substasnce of rose flower (Rose indica) Economic Botany. 30:371-373
Thakare,M.(2004).Pharmacological Screening of some Medicinal plants
AsAntimicrobial And Feed Additive .Virginia Polytechnic Institute and state
University .Blacksbury,Virginia U.S.A.:1-14pp

Alves, M.J.; Ferreira, I.C.F.R.; Dias, J.; Teixeira, V.; Martins, A. and Pintado,
M.A. (2012). Review on antimicrobial activity of mushroom (Basidiomycetes)
extracts and isolated compounds. Planta Med. 78: 1707-1718.

Sultan, S. AL-Tarjuman ,K., El Aldory ,M.(2020). The antifungal activity of
aqueous and alcoholic extract of mushroom (Agaricusbisporus) against
Aspergillusflavus.

Sandhu, S. S., Shukla, H., &Shukla, S. (2017). Biosynthesis of silver
nanoparticles by endophytic fungi: Its mechanism, characterization



7812

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

techniques and antimicrobial potential. African Journal of
Biotechnology, 16(14), 683-698.

Russell, A.D. & Hugo, W.B. (1994). Antimicrobial activity and action of silver.
Progress in medicinal chemistry, Vol. 31, 351-370, ISSN 0079-6468

Cohen, R.; Persky, L. and Hadar, Y. (2002). Biotechnological applications
and potential of wood-degrading mushrooms of the genus Pleurotus. Appl.
Microbiol. Biotechnol. 58: 582-594.

Turkoglu, A.; Kivrak, I.; Mercan, N.; Duru, M.E.; Gezer, K. and Turkoglu, H.
(2006). Antioxidant and antimicrobial activities of Morchellaconica. Pers.
African Journal of Biotechnol. 5: 1146-1150.

Bender, S.; Lonergan, G.T.; Backhaus, J. Dumitrache, A. and Baker, W.L.
(2001). The antibacterial activity of the edible and medicinal mushroom
Lentinusedodes (Berk.) Sing. Int. J. Med. Mushrooms 3: 118.

Wang, H.X. and Ng, T.B. (2000). Isolation of a novel ubiquitin-like protein
from Pleurotusostreatus mushroom with anti-human immunodeficiency
virus, translation- inhibitory and ribonuclease activities. Biochem. Biophys.
Res. Commun. 276: 587-93

Solak, M.H.; Kalmis, E.; Saglam, H. and Kalyoncu, F. (2006). Antimicrobial
activity of two wild mushrooms Clitocybealexandri (Gill.) Konr. and
Rhizopogonroseolus (Corda) T.M. Fries collected from Turkey. Phytotherapy
Research. 20: 1085-1087.

Wang, H.X.; Ng, T.B. and Liu, Q.H. (2004). Alveolarin, a novel antifungal
polypeptide from the wild mushroom Polyporusalveolaris. Peptides 25: 693—
696.

Kumar, V. and Yadav, U. (2014). Screening of antifungal activity of
Pleurotusostreatusand Agaricusbisporus. Biolife.2(3): 918-923.

Demirhan, A.; Yesil, O.F.; Yildiz, A. and Gul, K. (2007). A research on
antimicrobial activity of some macrofungi species. Science and Engineering
Journal of Firat University. 19: 425-433.

Karnwal, A., Dohroo, A., & Sharma, S. (2020). Analysing the Biocontrol
Attribute of Indigenous Mushroom concentrates against Pathogenic bacterial
spp. Research Journal of Pharmacy and Technology, 13(1), 173-177.



