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Abstract

Candida albicans is the most important, prevalent fungal pathogen in humans. They colonize gastrointestinal tract, skin,
mucosal membranes, and genital, it may responsible for many diseases. This mainly depends on with immunological status
of the host. Because of their resistance towards antibiotics, has represented a challenge for the scientific community to
develop new bioactive compounds. Today attention was drawn to the use of materials nanoparticles to control the infection
C. albicans. In this study, has been reviewed nanoparticles activity of action against C. albicans. Conclusions: The gold
nanoparticles exhibit excellent antifungal activity by causing DNA damage and mitochondria dysfunction in C. albicans.
Nano-Ag has shown considerable antifungal activity, these nanoparticles showed no significant cytotoxicity, Using TiO2
nanoparticles has been found to have an effective effect in the prevention of fungal biofilms especially biofilms formed on the
surface of medical devices. The ChNPs inhibited C. albicans biofilm, results showed the essential change in the external
morphology of C. albicans after therapy with ZnO NPs it has been found to cause cell membrane damage Selenium
nanoparticles easily adhere on the biofilm, and cause damage the cell structure by substituting with sulfur. Also, studies
revealed PANPs cause cell wall damage and cellular morphology changes, in C. albicans.

Key words : Antifungal, C. albicans, Au, Ag, TiO2, Ch, Pd, Se, ZnO, Nanoparticles.

Introduction

Candida albicans is a commensal yeast that in
greatest people lives in their gastrointestinal tract, mouth
orvagina. Candida albicans is an opportunistic organism
when it appears in a place in the body that is not normal
where causes infection in immune individuals, such as
transplant receptors, intensive care, surgery, cancer
patients and people living with HIV. The excessive use
of antibiotics can also stimulate C. albicans by cause
excessive growth (Douglas, 2002; Seneviratne et al.,
2008; Wetenschappen, 2010). It was found that the genus
of Candida is one of the main causes of infection
acquired from hospitals (Chandra et a/, 2001; Douglas,
2003; Seneviratne et al., 2008). During the period 1980-
1990, hospital data recorded a steady increase in the rate
of fungal infection, including Candida albicans infection
from 2.0 to 3.8 per 1000 discharges (De Rosa et al.,
2009; De Rosa et al., n.d.; Ha et al., 2011). Among the
multiple factors likely to increase infections are changing

in clinical practice, for example, the excessive use of
long-term venous catheterization, widespread use of
antibacterial agents and improved laboratory techniques
to determine the types of unusual candidiasis (Epstein et
al., 1980; Review, 2007). Patients with AIDS are more
likely to infect oral and esophageal candidiasis. This type
of infection is usually associated with oral cancers, the
use of dentures and patients with heart disease and who
have failed to produce saliva in sufficient quantities (Soll,
2002; Sudbery, 2011). Patients who get burned as well
as newborns (born early) are also subject to white skin
infections. In vulnerable groups of patients and patients
in intensive care units in hospitals, candidaemia is a
bloodstream infection that can be the result of C.
albicans, which can develop into renal candidiasis when
internal organs become infected. Candidaemia and
Candidiasis are very serious medical cases, with surveys
showing mortality rates ranging from 30-50%,; these
studies have been found to be the second most common
cause of death from hospital injuries (Beck-Sagué and
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Fig. 1 : Morphological forms of Candida albicans.
Yeasts (A), pseudohyphae (B), and hyphae (C). Budding yeast cells are similar to diploid S. cerevisiae cells. Pseudohyphal cells
have constrictions at the mother-daughter junction and at the positions of septa. Hyphae have parallel cell walls and no
constrictions. (D) White-opaquephenotypic switching of the C. albicans WO-1 strain, grown on salt-dextrose at 23°C for three
days. White (W) and opaque (O) colonies are seen. The cellular phenotype of white (E) and opaque cells (F). The white cell is
round with a relatively smooth surface while the opaque cell is twice the size of the white cell and has unique wall pimples. (G)
Chlamydospores are thick-walled spherical cells that are ~3 to 4 times larger than normal yeast cells. Adapted from Brown e al.

(2007); Berman & Sudbery (2002); Staib & Morschhauser (2007)

Jarvis, 1993; Wisplinghoff et al., 2004). It is characteristic
in C. albicans that it can grow either as a ferocious
single-celled bud or in false and dangerous filaments
(Sudbery et al., 2004). Pseudohyphaeare morphologically
distinct from the hyphae because the pseudohyphae have
limitations in the spacing locations, which are wider than
the filaments. In contrast, long filament-like threads are
perfectly parallel and there are no restrictions in the
dumping site, shown in Fig. 1 (Sudbery, 2011). C. albicans
that grow yeast and filamentous cells cause oral and
genital infections in humans (Dijck and Mathe, 2013;
Guisbiers et al., 2017). New drugs should therefore be
developed to combat these diseases. Nanotechnology
may have a promising future in this field where
nanoparticles are less than 100 nanometers specifically
derived for interaction with bacteria (Zhu et al., 2014),
fungi (Lara et al., 2015). Interest has recently increased
by combining Pure Se NPs for medical nano applications
due to its surface ratio to its large size (Shi et al., 2010;
Liu et al., 2012). Candida spp. is one of the pathogens
responsible for fungal infections, which often cause
hospital-acquired infections with a mortality rate of up to

40% (Panacek et al., 2009). The effective antifungal
currently available depends on polyenes (amphotericin
B.), or triazoles (fluconazole, or itraconazole,
voriconazole, posaconazole) or echinocandins
(caspofungin, micafungin and anidulafungin).
Although these antimicrobial agents are often associated
with complications such as amphotericin B toxicity and
adverse effects of certain strains, including toxic and drug
interactions (Levin et al., 2007; Venkatakrishnan et al.,
2000), yeast is also resistant to antifungal agents (White
et al., 2002; Wang et al., n.d.). As a result, other
treatments must be found to avoid the above-mentioned
adverse effects (Panacek et al., 2009). Among the well-
studied materials nanoparticles with unique physical and
chemical properties that make them promising for
therapeutic agents without the intrinsic toxicity of human
cells are the gold nanoparticles (AuNPs) (Wang et al.,
n.d.; Alkilany et al., 2012; Conde et al., n.d.; Seong and
Lee, 2018). At present, nano-materials are widely
accepted for use as an antimicrobial effect due to different
physical, chemical and electrical properties that are very
small and are not available in larger forms (Zhang et al.,
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2008; Jiang et al., 2009; Haghighi et al., 2013). In some
studies, the effect of TiO2 was studied (Haghighi et al.,
2013). Because of its unique features include high
chemical resistance, non-toxic, long-lasting nature, and
the lowest cost (Gao et al., n.d.; Enyashin and Seifert,
2005; Liao, 2007). Silver and its compounds are known
to be effective antimicrobial agents (Silver, 2003; Klasen,
2000; Woo et al., 2009). Due to recent advances in
research on nanoparticles, Nano-Ag has received special
attention as a potential agent for microbes (Baker ef al.,
2005; Melaiye et al., 2005; Sondi and Salopek-Sondi,
2004).

Other Candida infections

Urinary Candidain this type of candida it is difficult
to distinguish between the cases of colonization and the
real infection, so it is the most confusing forms of candida.
C. albicans, which is found in the urine is believed to be
colonized or contaminated. Canduria can also be a sign
of blood lipid or invasive kidney disease. It can cause
candidemia during invasive urologic procedures
(Hollenbach, 2008; Singhi and Deep, 2009).
Gastrointestinal candidiasis can be diagnosed in children,
adults with immunodeficiency disorders, cancer after
surgery, and persons with a disability. Gastrointestinal
candidiasis may involve the stomach, intestine or
hepatobiliary system (Wetenschappen, 2010). Respiratory
candidiasis may include respiratory tracts from the
pharynx and epiglottis to bronchi. In the case of patients
in hospitals, C. albicans is a recurrent colonizer of the
upper respiratory tract. Symptoms can be hoarseness,
low fever, tachypnea, and sometimes no specific results
in physical examination (Singhi and Deep, 2009). The
most common infection in the vulva and vagina is vaginal
candidiasis (VVC). Three out of four sexually active
women will be infected by VVC at least once in their
lifetime (Ferrer, 2000; Taguti Irie et al., 2006; Li et al.,
2008). Vulvovaginal candidiasis may affect up to 75% of
women at least once in their lives (Vulvovaginitis, 1997).
A small group of women (5-10%) may experience
frequent recurrent episodes that significantly affect their
quality of life (Sudbery, 2011). Oral infection was first
described in the 18th century (Barnett et al., 2008;
Wetenschappen, 2010). C. albicans is one of 200
organisms of the genus Candida (Kobric and Kobric,
2012). This organism exists as a benign commensal entity
in a variety of sites in the human host. These sites, in
particular, the oral cavity, skin, genitals and digestive
system. These species contain 75% of fungal species
that have been sampled from the oral cavity (Cannon et
al., n.d.), but are only a small fraction of total oral
microflora. C. albicans can be diagnosed as a

commensal microbial organism from the oral cavity in
30% to 90% of healthy adults but in many cases, the
colony does not show signs or symptoms of infection
(Mccullough and Savage, n.d.; Diagnosing and Managing,
1992). C. albicans is a type of fungus that is often a
benign member of the skin and mucous flora, but C.
albicans can cause disease of mucous membranes
(Sudbery, 2011). Symptoms of infection of C. albicans
often include stomach complaints, constipation, abdominal
cramps, discomfort, white patches on the tongue,
inflammation of the skin that turns red and becomes rough,
metallic taste and burning (Epstein et al., 1980; Review,
2007). There are several types of Candida infections,
for example invasive candidiasis, including candidemia
and disseminated candidiasis with deep organ involvement,
candiduria, Candida infection of gasto-intestinal tract and
Candida infection of the respiratory tract and throat.
Candidemia is a bloodstream infection with Candida.
When the Candida types spread in the body after entering
via the bloodstream, the named it is invasive candidiasis
(Ha et al., 2011).

Biofilms of Candida

That 65% of all human infections are related to the
formation of biofilms by the causative or pathogenic
microbes (Thein et al., n.d.) and more importantly, up to
40% of the adult population are carriers of C. albicans
in the oral cavity (Jenkinson and Douglas, 2002). With
respect to C. albicans, formation of a biofilm begins with
adhesion of the microbe to a suitable surface (biotic or
abiotic),shown in fig. 2 (Lynch et al., 2008). Adhesion
occurs via non-specific factors (cell surface
hydrophobicity/electrostatic forces) and specific factors
(cell surface receptors that recognize serum proteins/
fibrinogen). These particular, factors promote retention
of the organism in the oral cavity or elsewhere in or on
the body (esophagus/vagina). Further, C. albicans can
adhere to other microbial biofilms that are already present
(e.g. Dental plaque) (Ramage et al., n.d.). In the oral
cavity, C. albicans has been found to congregate with
other oral pathogens, such as Actinomyces,
Streptococcus and Fusobacterium (Jenkinson and
Douglas, 2002). The formation of hyphae usually occurs
3-6-hours following the yeast cells initial colonization.
Adbhesion is followed by colonization, proliferation, and
maturation of the biofilm structure. The adherent yeast
cells form a basal layer that attaches firmly to the biofilm
substrate (i.e. palatal epithelial cells, denture acrylic, etc.),
a mature biofilm typically contains cells with hyphae and
pseudohyphae (Nickerson et a/.,n.d.). The mature biofilm
is a well-organized and spatially structured complex
surrounded by an extracellular polysaccharide matrix
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Fig. 2 : The different steps in the evolution of biofilm formation 1- the individual cells populate the surface, 2-extracellular matrix
is produced and attachment becomes irreversible, 3-4-biofilm architecture develops and matures, 5-single cells are

released from the biofilm.

(Thein et al., n.d.). The extracellular matrix is composed
of proteins, hexosamine, as well as phosphorus and uronic
acidn (Williams et al., 2018). The last step, detachment
of cells, is followed by colonization of distant sites and
can be triggered by a process known as quorum-
sensing(Kobric and Kobric, 2012). Some of studies have
also shown that architecture of C. albicans biofilms is
influenced by the nature of the substrate surface (Chandra
et al.,2001; C. K.-C. opinion in microbiology and 2002
n.d.; Tsang et al., 2007). Biofilms have be significantly
less susceptible to antifungal agents (L. D.-T. in
microbiology and 2003 n.d.; Kuhn et al., 2018). Presently
C. albicans has more effective role than other
nosocomial pathogens because this fungus has suitable
potential for biofilms formation (Kojic, 2004;
Venkatakrishnan et al., 2000).

Nanotechnology

Nanotechnology is emerging as a rapidly growing
field with applications important in science and technology
for the aim of makings new materials at the nanoscale
level (Rai et al., 2009; Pigkin et al., 2018). That
nanoscience and nanotechnology have massive potential
to bring benefits in areas as diverse as drug development,
information, water decontamination and communication
technologies, and the production of stronger, lighter
materials. It can be considered a blessing for human
healthcare (Sahoo et al., 2007). Nanomaterials may also
use for special medical purposes such as to produce novel

drug delivery systems, to enhance the performance of
medical devices, or to produce diagnostic imaging
materials (EXPRESS STATEMENT* Developing Safe
Products Using Nanotechnology 2016). It has been found
that nanotechnology has many benefits in the food sector
(Slewa, 2018). Resistance to conventional drugs is rapidly
emerging, and the decreased activity of these drugs
against C. albicans was observed at some levels for
each type of medication used at present (Biology, 2017;
Seong and Lee, 2018). Therefore, the development of
new effective and anti-breakfast material against C.
albicans has gained wide attention. Nanoparticles,
ranging from 10 to 100 nanometers, are promising because
of their wide variety several areas such as biological,
biomedical, catalytic, optoelectronic, and pharmaceutical
applications (Mohanraj and Chen, 2006). Previous studies
have shown that nanoparticles can act as antimicrobial
agents because of their ability to interact with
microorganisms (Albanese et al., n.d.). Because of these
characteristics, various metal nanoparticles have been
studied to determine their unique antimicrobial properties
and their potential usage in awide range of fields such as
medical instruments, textiles, and purification (Sondi and
Salopek-sondi, 2004; Judith and Espitia, 2012). AuNPs
are well studied and their unique physical and chemical
properties make them promising for therapeutic agents
without intrinsic toxicity to human cells (Alkilany ef al.,
2012; Conde et al., 2018). AuNPs had been significantly
used in cancer treatment as a drug delivery system and
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thermal therapy (Seong and Lee, 2018; Huang et al.,
2008; Brown et al., 2010). Previous studies have shown
that AuNPs have antimicrobial activity against various
pathogens, including Escherichia coli, Streptococcus
mutans and Candida species (Hernandez-sierra et al.,
2008; Lima et al., 2013; Wani and Ahmad, 2013). Due to
recent developments in research on nanoparticles, nano-
Ag has received special attention as a potential
antimicrobial agent (Woo et al.,2009; Baker et al., 2005;
Melaiye et al., 2005; Sondi and Salopek-sondi, 2004).
Therefore, it has been found that the preparation of
uniform nano sized silver particles with specific
requirements in terms of size, shape and physical and
chemical properties is of great importance in the
formulation of new pharmaceutical products shown in
fig. 3 (Merisko-liversidge et al., 2003; Peer et al., 2007).
The selection of TiO2 nanoparticles because of its unique
features including: - high chemical resistance, non-toxic,
long lasting nature, availability and low cost,shown in Fig.4
(Gao et al.,2018; Enyashin and Seifert, 2005; Liao, 2007).
Using a novel method to inhibit attachment of cells to the
surface and eliminate of fungal mass over surfaces is a
valuable way to control infections (Butterfield et al., 2002;
Haghighi et al.,2013). At present, chitosan has been used
in many biomedical applications (Gondim et al., 2018;
Kong et al., 2010). Chitosan has been characterized by
anti-activity, especially against C. albicans, in the free
form of the polymer (Ing et al., 2012), or its derivates
(Kulikov et al., 2014; Miranda et al., 2013). Interest in
the development of nano-systems of natural polymers,
including chitosan, for use as biomarkers within biofilms,
has increased because the biopolymer nanoparticles can
be spread across biofilm structures and shown
antimicrobial effects (Gondim et al., 2018; Ing et al.,
2012). Chitosan-based zinc oxide NPs have been
synthesized and evaluated for antimicrobial and antibiofilm
potential against various microbial strains involve C.
albicans (Panwar et al.,2018; Singh and Surinder, 2014).
Studies have found that selenium nanoparticles readily
attach to biofilm, and then penetrate the pathogen, thus
causing cell structure damage by replacing sulfur. 50%
of the biological inhibition of white candida is at only 25
ppm (Guisbiers et al., 2017). In other studies, the potential
antifungal properties of Au @ CD nanoconjugates had
been evaluated against the common fungal pathway C.
albicans. This type of nanoparticle represents a new
class of nanomaterials with the combined properties of
gold nanoparticles and carbon points (Eepsita
Priyadarshini et al., 2018; Manuscript, 2017). These
associations also have excellent optical and fluorescent
properties, a new type of nanomaterial that whose

applicability appears and has a promising future. The
carbon dots are of great importance because of its
remarkable water solubility, compatibility with life, size
and wavelength-based lighting properties (Chem, 2012;
Zhang et al., 2014). Also, Surface Plasmon Resonance
(SPR) optical property, which was based on the size and
shape of gold nanoparticles, was successfully used in
catalysis, sensing, detection, and biomedicine (Essner et
al., 2015). At present, the benefits of metal/ carbon-
nanohybrids have been reported on metal nanoparticles
due to the exceptional ability of carbon points to reduce
mineral salts and also act as stabilizers of nanoparticles
after their synthesis (Sajid et al., 2018).

Results

The gold nanoparticles have shown an excellent
antioxidant activity. The small nanoparticles (7 nm)
showed a higher innate activity than those with large ones
(Ahmad et al., 2013). In fungi, breathing occurs through
the mitochondrial membrane, and small amounts of NPs
cannot enter fungal cells to target the mitochondrial
membrane, which leads to low antifungal activity(Rapid
biosynthesis of antimicrobial silver and gold nanoparticles
by in vitro callus and leaf extracts from Lycopersicon
esculentum (Mill - Googlep n.d.). It was also found that
AuNPs had no effect on membranes. Where the cell
membrane plays an important role in regulating activities
within and around the cell (Madeo et al., 1997). Cell
death is established by the sudden collapse of the plasma
membrane permeability barrier (Lemasters ef al., 1987).
To show whether AuNPs cause membrane disruption.
the permeability had been measured the membrane using
PI, a membrane-impermeable dye that only enters cells
that have damaged membranes (Sansonetty et al., 2001).
These results suggest that AuNPs may not have an effect
on membrane permeability in C. albicans. Therefore,
the particles did not directly destroy the membrane of C.
albicans. Because the antifungal activity of AuNPs is
not associated with membrane disruption (Seong and Lee,
2018). The studies showed that the gold nanodiscs inhibit
the fungal growth to the larger extent than the gold
nanocrystals. Because the gold nanodiscs are having the
higher surface area than the gold nanocrystals. Hence,
the increase in surface area may result in the greater
enhancement of interaction of the gold nanodisc with the
binding sites of the plasma membrane proteins (Ballottin
et al., 2017). The growth of yeasts is inhibited at
concentrations low using the non-stabilized silver NPs
comparison with SDS-stabilized silver NPs (against C.
albicans). Silver NPs stabilized by polymers and
surfactants exhibited big antifungal activity as the result
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Fig.3 : Transmission electron micrograph of the silver
nanoparticles (nano-Ag). The bar marker represents
20 nm.
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Fig. 4 : SEM images of TiO2 nanoparticles.
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Fig. 5 : AuNPs exert ROS-independent apoptosis effects against C. albicans through intracellular disruption, including destruction
of nucleus and nucleic acid and attenuation of mitochondrial homeostasis.

of their enhanced aggregate stability (Panacek et al.,
2009). It has been found in some studies, the report that
stable and green silver nanoparticles with protein capping
have low cytotoxicity and have interesting antimicrobial
efficiency against C. albicans. When AgNP1 underwent
a pre-treatment, they have presented more pronounced
antimicrobial effects due to the lower concentration of
stabilizing agents (proteins). AgNP1 without a pre-
treatment presented higher cytotoxic effects when
compared to the AgNP2 that underwent a pre-treatment,
probably due to the differences in the nanoparticles’
capping furthermore, AgNP1 without a pre-treatment
have Found significantly higher damage to the DNA when
compared to AgNP2 that underwent a pretreatment, and
thus can be considered more genotoxic. Further, the textile
impregnation by padding method was efficient and the
cotton fabrics were able to inhibit microbial growth
(Ballottin et al., 2017). The increase has been in Ag NPs

concentration to 100 ppm leads to 50% inhibition of C.
albicans (Roberto et al., 2014). When the interaction
between nano-Ag and membrane structure C. albicans
cells, during nano-Ag exposure, exhibit important changes
to their membranes, which are recognized by the
formation of (pits) on their surfaces, result in the formation
of pores and cell death, when cytometric flow analysis
of the cell cycle was performed. It was found that the
nano-Ag cell cycle was stopped in the G2 / M phase in
C. albicans. This means that nano-Ag inhibits some
cellular processes that are involved in normal bud growth
(Endo et al., 1997). It has been reported that growth
inhibition of bud is associated with membrane damage
(Endo et al., 1997). It can be said that nano-Ag inhibits
the natural budding process, maybe during the destruction
of membrane integrity. Nano-Ag exhibited strong anti-
fungal effects (Woo et al., 2009). AgNPs have shown
anti-fungal activity against Candida albapsilosis, AgNPs



Antifungal Activity of Au, Ag, TiO2, Ch, Pd, Se and ZnO Nanoparticles against C. albicans 39

have shown strong activity against fungal strains.
Concentrations were different. AgnPs have shown that
spherical activity is strong against C. albicans compared
with commercially available antifungal agents.
Antimicrobial activity of nanoparticles may be well
associated with its low size and shape due to the increased
surface area with improved antimicrobial effect
(Muciformis et al.,2014). TiO2 nanoparticles have shown
an appropriate anti-fungal property against C. albicans
(Sc et al., 2012). In addition, both TiO2 and silver
nanoparticles have shown significant activity specific to
fungal strains (Martinez-gutierrez ef al.,2010). Yeast cells
of C. albicans due to possess thick cell wall consist of
glucan and chitin are more resistant than bacteria. It was
reported that TiO2 nanoparticles by producing intracellular
reactive oxygen species (ROS) induce destructive effects
inside the microbial cells, oxidation of intracellular
Coenzyme A and peroxidation of the plenty of lipids, which
decrease respiratory activity and subsequently cause
death cell (Battin et al., 2018; Foster et al., 2011). The
chitosan nanoparticles at all concentrations inhibited 25-
50% of the initial adhesion of C. albicans, also found
that chitosan nanoparticles exhibited activity on inhibition
of C. albicans biofilm formation (Gondim et al., 2018).
The studies on CSNPs reported their effective interaction
with the negatively charged plasma membrane of fungal
cells because of their small and compact particle size as
will rise surface shipments (Panwar et al., 2018; Qi et
al., 2004; Tan et al., 2013). Upon entering the fungal
plasma membrane, FACSNPs could either inhibit C.
albicans biofilm formation or damage its structural
integrity chitosan would link to the trace elements and
make the major nutrients unavailable inhibiting the natural
fungal growth (Roller and Covill, 1999). Some studies
have indicated that Au @ Carbon Dots the change in
composition (carbon vs Au@CDs) show a deep effect
on the susceptibility of C. albicans cells. A size-
dependent toxicity was observed for the nan conjugates,
CDs were found to be quite toxic owing to their little size
which simplify their entry into the cells (Priyadarshini et
al., 2018). The interaction of Se NPs with C. albicans
can be qualified as being the sequence of three
mechanisms: 1.) adhesion, 2.) breakthrough and 3.) Sulfur
substitution. It has been displayed that the size and
crystallinity of the generated Se NPs are the key
parameters in the inhibition of C. albicans biofilm
(Guisbiers et al., 2017). PANPs were synthesized by
chemical decrease method, obtaining spherical NPs.
PdNPs showed inhibitory against Candida albicans
reveal significant cell growth inhibition (Athie-garcia et
al.,2018). The antifungal activity of ZnO NPs and ZnO-

C NCs against C. albicans was studied. The analysis
was showed the substantial change in the external
morphology of C. albicans after therapy with both ZnO
NPs and ZnO-C NCs perform the fungal cell membrane
injury (Dananjaya et al., 2018).

Conclusion

In this study, the emphasis was placed on the modus
operandi of AuNPs on C. albicans. It has been found
that AuNPs induce destruction of the nucleus, nucleic
acids and attenuation of mitochondrial homeostasis, shown
in Fig.5, causing apoptosis and small-sized nanoparticles
with high innate efficacy compared to larger volumes.
Gold nanodiscs showed the strongest activity of fungi
compared to nanoparticles of polyhedral gold.
Nanoparticles Gold is an excellent anti-oxidant activity
against Candida isolates. It is characteristic of AuNPs
that it has no toxicity in human cells (Wang et al., 2018;
Conde et al., n.d.; Seong and Lee, 2018). Finally, it can
be concluded that nanoparticles can be used as an
effective and effective agent against human fungal
pathogens. In other studies, silver NPs have been shown
to inhibit yeast growth at very low concentrations
compared to common antifungal agents. In addition, silver
NPs do not show any cytotoxic effects on human
fibroblasts at these low concentrations. Thus can conclude
that Silver nanoparticles (Ag-NPs) are a new type of
material with different applications, the most important
used as antimicrobial against bacteria, fungi (Rahi, 2018).
Photocatalyst TiO2 nanoparticles showed a suitable
antifungal property against C. albicans biofilms
nanoparticles such as TiO2 has antimicrobial efficacy.
Which can be considered as a new strategy for the
prevention of fungal biofilms, in particular, that are formed
on the surface of medical devices. As for the
nanoparticles, the chitosan nanoparticles had antagonistic
activity against the planktonic C. albicans, and has
prevented initial adhesion and the development of the
mature biofilm of C. albicans. That FA-CSNPs reduced
cell metabolism activity to C. albicans. That Au @ CDs
can work an antifungal agent against the fungal pathogen,
so the results demonstrate that the change in composition
(carbon vs Au @ CDs) shows a significant impact on
susceptibility for the infection of ovarian cells. PdNPs
act as antifungal and yeast. In fact, these studies have
indicated that the main toxicological mechanism of PANPs
includes cell wall damage and oxidative stress generation.
Finally, ZnO C NCs showed a stronger antibody activity
against C. albicans compared with ZnO NPs.
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