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Abstract: Penicillium chrysogenum has been used for the production of metal
nanoparticles. It was experimentally shown that silver nitrate ions are reduced to
silver nanoparticles in biomass, and silver nanoparticles are synthesized from 1
mM silver nitrate. The external morphology of ground AgNPs was established by
SEM analysis and UV-visible spectrophotometry, and the size of AgNO3 parti-
cles was observed to be 23 nm, with particles being spherical by AFM. In vitro
investigations, the antifungal susceptibility of Candida al was calculated, and the
results showed that the inhibitory effect of AgNPs synthesized with P. chryso-
genum is increased with increasing the concentration of nanoparticles, and the ef-
fective fungicidal concentration (EC50) was 1 ppm, and the minimum fungicidal
concentration (MFC) was 100 ppm. Furthermore, the pathogenicity of C. albi-
cans on kidneys in mice during infections was tested and thus indicated that the
kidneys' ability was significantly enhanced when animals were treated with the
combination of AgNPs and P. chrysogenum. This study's data from examination
provide valuable preliminary statistics for using biosynthesized silver nanoparti-
cles to manage various microorganisms.
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Introduction

Due to global public health, the widespread prevalence of conventional
antifungal drugs is a significant threat 2. With the use of broad-spectrum
conventional antibiotics and the increase in the infection rate in people with
weakened immunity, they exacerbated their infection. They attenuated the
possibility of a cure, especially with resistant fungi, which calls for improving
treatments 34. Despite the improvement in antifungal drugs, the diseases caused
by this type of yeast still cause intense symptoms and many deaths °. C. albicans
is the most virulent and widespread species, accounting for approximately 50%
of candidiasis, due to its ability to form biofilms and change their shape into
multiple forms to adapt to the surrounding conditions ®’. Therefore, it became
necessary to search and find new treatments and innovations that are newer and
more effective that work to defeat the diseases caused by these types of yeasts &.

In recent years, metallic nanoparticles have gained significant interest, especially
with the development of the "green synthesis” method, which facilitates the
synthesis process and the possibility of successful application to living organisms
°. Nanoparticles have unique physiochemical properties that allow them to be
used for various applications, including biological detection, drug delivery and
anti-microbial drug °. Silver nanoparticles (AgNPs), which are known to be anti-
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toxins, are the most prominent characteristics of these particles **. AgNPs were
first recognized when bacteria such as E. coli and E. faecalis 2 detected their
anti-microbial effect. In recent years, AgQNPs showed an antifungal activity when
they combined with a microorganism 3. When synthesized with fungal, silver
nanoparticles increase the susceptibility to C. albicans compared to AgNPs alone
14, Researchers were willing to discover new disinfection methods to act
efficiently against pathogens. It has been previously recognized that metal
nanoparticles, especially silver nanoparticles, display an inhibitory effect and
anti-microbial activity at low units against a broad spectrum of fungi '°. As a
result of their efficiency on resistant strains of fungi, AgNPs are presented as the
most potent conventional antifungal agents, among others. They are used in
(bandages, wound healing ointments or creams, biomedical and surgical devices
as disinfectants, textile coatings, and food packaging and storage) %7, These
nanoparticles' small size and surface area allow them to have close contact with
fungal membranes and display their fungicidal properties 8. In animal models,
several studies reported the incidence of C. albicans in cells and mice organs *°.
The data showed many studies conducted on the spots of ovarian infection within
the organs of the mice body that stimulate the production of immune host cells in
the living organism 2°.

In this study, we used an experimental section of the kidney to demonstrate the
efficacy of nanoparticles synthesized with fungi in treating systematic candidiasis
infection in a mice model 2L,

Materials and Methods
Candida albicans isolation and manipulation

C. albicans, after isolation from patients, was incubated at a suspension density of
6 % 10° cells/mL for 3 h at 37°C in a tube containing 10% Bovine serum albumin.
The portion of germ tube form (GTF) was assessed by light microscopy 400x
magnification 2.

Biomass production

For the production of Penicillium chrysogenum biomass, the culture was
performed in a liquid broth consisting of (KH2PO4 7.0g/L, KoHPO4 2.0g/L,
MgSOs. 7H20 0.1g/L, (NH4)2SOs4 1.0g/L, yeast extract 0.6g/L and glucose
10g/L). The 500 ml flask was incubated for about 5 days at 25° C. Later
incubation; the biomass was formed and harvested 2.

Synthesized of silver nanoparticles

We weighed 10 g of the produced biomass, and after washing to remove the rest
of the media, it was inoculated into 200 mL of distilled water. The solution was
incubated for about 3 days at room temperature. The produced biomass, after
incubation, was again filtered by Whatmann No. 1 (filter paper), and silver nitrate
particles were added at a concentration of 1 mM and incubated in the dark. A
control positive contained only the fungal cell filtrate without AgNos 2.

Description of silver nanoparticles

The biosynthesis of silver nanoparticles was definite by measuring the absorption
of the suspension using a (UV-Vis spectrophotometer). The production of silver
nanoparticles was observed by a UV-visible Spectrophotometer, where a scan
was done from 200-600 nm wavelengths 2.
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After synthesis with the silver nanoparticles, the fungal cell filtrate was
described using atomic force microscopy (AFM) to regulate the shape and size of
AgNP synthesis. The characteristic of the AgNPs was studied using AFM and
accomplished to determine the particle's height and mass by making a smear with
the pellet. The external morphology of ground AgNPs was established by SEM
analysis (ZEISS FE-SEM) 2°.

In Vitro Evaluation of Antifungal Activity

In Vitro, the antifungal activity of AgNPs was evaluated by dilution broth
method. The suspension was diluted with sterile distilled water to get the final
concentration of C. albicans after isolation from patients was used for this
purpose. 200 ml of Sabouraud dextrose broth (SDB) liquid medium was prepared
for yeast growth, and C. albicans were cultured for 72 h in the (SDB) medium
before being used for examinations. Then, 10 uL of this solution and AgNPs,
prepared earlier, were added to test tubes containing 2 mL of (SDB) medium and
incubated for 48 h at room temperature. Yeast medium with no AgNPs was
measured as the negative control. The 10 puL from the test tube was put in
mueller-hinton agar Petri dishes, spread out by an L-shape rod and incubated for
48 h. Following that, suspension was placed on mueller-hinton agar containing
different concentrations of the AgNPs, including sterile distilled water (as
control) 1, 10, and 100 ppm. The plates were incubated in sterilized conditions,
and the growth was observed 2’. To achieve reliable results, the experiment was
done in triplicate. The antifungal activity for AgNPs was analyzed after images
of plates were taken. In this study, (). MFC was investigated by sub-culturing
broth microdilution of C. albicans from tubes yielding a negative yeast growth
after incubation to define the number of colony-forming units (CFU) after 48 h of
incubation 2829,

Data Analysis

The investigational data were statistically examined using ANOVA and one-
tailed unpaired t-test for meaning testing, where p < 0.05 was measured as
significant. Values are presented as the mean = SD of the three replications in
each experiment %,

Animal model

Male mice aged 6 weeks weighing about 20 g were used in this study and had
never been employed for any experimental techniques. 32 mice were vocally
getting (100 mg/kg weight/d) for 30 days continuously divided into 4 groups:

- The control mice received normal saline.
- The control-positive mice were receiving AgNPs with P. chrysogenum only.
- The infected mice groups were receiving C. albicans only.

- The treatment mice groups were receiving C. albicans for 10 days and treatment
by AgNPs with P. chrysogenum 3L,

Kidney Tissues sections Preparation

Histological sections of kidney samples were prepared and fixed with formalin
solution 10% for 24 h and then washed with running water and put in serial
concentrations of the absolute alcohol ranging from 70% to 100% for 45 min.
Each was cleared with (Xylene) for 45 min. And then placed in a mixture of
xylene and paraffin wax at 58° C for infiltration for 15 min. The samples were
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embedded in waxy molds for blocking and cutting by rotary microtome and using
routine hematoxylin and eosin stains 32,

Photography: The slides were photographed with a Meije compound microscope
with a camera.

Results

Candida albicans was isolated from the patients and designated for the
biosynthesis of AgNPs. The harvested P. chrysogenum cells were incubated with
AgNO3 solution at a concentration of 1 mM and incubated in the dark at room
temperature to the synthesis Gaps. Alteration in the reaction combination’s color
during incubation indicated the formation of AgNPs with P. chrysogenum. The
reaction mixture color transformed to light brown after 3 days of incubation. In
contrast, no change in color was detected in the control flasks (culture
supernatant and 1 mM AgNO3 solution only) in the similar experimental
condition, showing no development The UV-Vis spectral examination of AgNPs
suspension (AgNPs with P. chrysogenum) showed broadening spectrum with
weak band at 4455 and 466 nm, indicating absorption of the suspension
synthesis of AgNPs using a (UV-Vis spectrophotometer, Figure 1.). By AFM
analysis, SEM results showed spherical nanoparticles with an average size of 23
nm.
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Figure 1. The UV-Vis spectrum of AgNPs suspension (AgNPs with P. chrysogenum)

In vitro calculation of antifungal activity

In vitro investigations were achieved to calculate the antifungal susceptibility of
Barbicans. According to the results, the inhibitory effect of AgNPs Synthesized
with P. chrysogenum increased with increasing concentration of nanoparticles.
The results showed that the effective fungicidal concentration (EC50) was 1 ppm,
and the minimum fungicidal concentration (MFC) was 100 ppm. , In Figure 1, a
comparison between the control sample and treatment sample at 1 ppm, 10 ppm
and 100 ppm concentrations of AgNPs synthesized with P. chrysogenum
suspensions, and the growth of C. albicans after 3 days on mueller-hinton culture
medium Figure 2,3. The figures characterize the rate of AgNP synthesis on yeast
growth inhibition in Table 1.
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Figure 2. Effect of different concentrations of AgNPs Synthesized with P. chrysogenum on the growth of C. albicans after 3
days: control and treatments with AgNPs of 0 (as control) 1, 10, and 100 ppm concentrations, agar dilution method.
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Figure 3. Growth inhibition percentage of C. albicans treated with different concentrations of the AgNPs Synthesized with

P. chrysogenum for three days. Data are presented as a mean = SD of three replicates.

ppm (Concen- = Diameter (mm) Growth Inhibi-
tration) tion %
Control 26.3+0.5 -
1 25.7+0.5 7.1
10 10.2+0.5 19.6
100 41+0.5 43.3

Table 1. Growth of C. albicans (growth diameter in mm) treated with several concentrations of AgNPs Synthesized with P.
chrysogenum for 3 days. Data are referred to as a mean + SD of three replicates.

Histological dissecting of kidney

The results of these studies show that the infection was improved by treatment
using AgNPs with P. chrysogenum. (Figure 4., A, B, C and D), a kidney from
normal mice receiving normal saline (A), and the positive control mice were
receiving AgNPs with P. chrysogenum only (B) after infection for 30 days with
Candida albicans only (C). Treatment mice received C. albicans for 10 days and
were treated with AgNPs with P. chrysogenum (D). The change occurred in the
control kidney section. Figure 4. A showing normal renal cortex and Bowman's
capsule with peripheral squamous epithelium (sq), glomerulus (GL), urinary
space (US) and normal convoluted tubules (c). In Figure 4., B shows less necrosis
and inflammatory cellular infiltration. (Fig. 4., C) showing diminished and
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distorted glomeruli, leukocyte infiltration, edema exudate, necrotic foci, dilated
tubules, abundant capsular space, infiltration of inflammatory cells surrounding
the distorted glomeruli and tubules and interstitial edema. Vacuolated tubules and
dark stained nuclei of the mesangial cells and vacuolations of the kidney tubules.
The capillaries of most glomeruli appeared more congested, and slight edema of
the tubular cells appeared in this group Figure 4., D.

"
»

Yo

foci(NF), dilated tubules, abundant capsular space, infiltration of inflammatory cells surrounding the distorted glomeruli
and tubules and interstitial edema. Vacuolated tubules and darkly stained nuclei of the mesangial cells and vacuolations of
the kidney tubules. The capillaries of most glomeruli appeared more congested ©.
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Figure 4 D. Slight edema(E) of the tubular cells appeared in this group.

Discussion

In vitro studies were done to determine the susceptibility of C. albicans and the
antifungal activity of biosynthesized AgNPs with P. chrysogenum on C. albicans.
Agar dilution methods studied the effect of different concentrations of AgNPs
Synthesized with P. chrysogenum on the growth of C. albicans 23. The inhibitory
effect of AgNPs increased with increasing the concentration of silver
nanoparticles. The effective fungicidal concentration (EC50) was 1 ppm, and the
minimum fungicidal concentration (MFC) was 100 ppm. The use of AgNPs as
antifungal agents have been testified before. As in the case of, 2* informed that
biosynthesized with a size of 23 nm were established to show antifungal activity
against experimental yeast samples in the 1 to 100 ppm range during agar
dilution method 24,

Nevertheless, there is no significant difference between the value size of the
AgNPs informed by 2% According to the results, the mechanism of the
therapeutic effect of silver nanoparticles could be shown as the interaction of
(Ag+ ions released from AgNPs) with the cell membrane of yeast leads to
significant damage through the accumulation of ions in the interstitial places
82427 In Figure 2, a dose-dependent method increased the growth inhibition
percentage of C. albicans by AgNPs of 0,1, 10, and 100. This might be because
of the high mass of silver nanoparticles at which the fungal medium can saturate
and adhere to yeast to switch off pathogenic Candida °. The lowest percentage
was 100 ppm concentration, compared with 1 ppm as the effective concentration.
Regardless of the values of inhibition percentage described in Table 1, it can be
noticed that the AgNPs in the media affected the growth of C. albicans with a
higher inhibition effect at 100 ppm concentration as the ratio reached 43.3
compared to 1 ppm concentration, which achieved 7.1, even though the mode
action of the fungicidal effect of synthesized silver nanoparticles is quiet not
understood.t has been suggested that the inhibition efficacy of AgNPs is due to
the formation of pores on the yeast cell membrane, which ultimately leads to cell
wall damage and cell death 3.

Conclusions

C. albicans has been reserved as the main species related to human Candida
infections; the standard investigational animal models for Candida species have
also been fixed on C. albicans. However, many types of animals have been used
to study yeast infections; the mice infection models employed the common for
commercial reasons, easy treatment, and availability °. The use of
biosynthesized AgNPs with P. chrysogenum as antifungal agents has been
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described previously 2°, illustrating that AgNPs with the size of 23 nm were
established to show antifungal activity against tried yeast. The effective
fungicidal concentration (EC50) was 1 ppm, and the minimum fungicidal
concentration (MFC) was 100 ppm. Interestingly, our findings are consistent with
the findings of Fatima et al.. However, our biosynthesized AgNPs with fungus
are more effective antifungal agents against Candida infections, and our AgNPs
with fungal significant alteration in antifungal activity may get up from the
polydispersity and non-spherical shape of their AgNPs. ** The study
examinations are multifaceted and contain complex methods to measure the
antifungal activity of AgNPs derived from "green" synthesis. These biogenic
spherical and small AgNPs are persistent and established in vitro for an extended
period and did not have a cytotoxic effect at concentrations that had an effective
inhibitory result on (C. albicans growth, germ tube formation, hyphal growth and
biofilm formation) 34, This may suggest that the combination of AgNPs and
fungus could be an excellent therapeutic agent in the development of yeast
infections *°.
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