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1. Introduction

Epidemiologic observations indicate that the num-
ber of systemic fungal infections has increased sig-
nificantly during the past decades, however in hu-
man mycosis, mainly cutaneous infections pre-
dominate, generating major public health concerns 
and providing much of the impetus for current at-
tempts to develop novel and efficient agents 
against cutaneous mycosis causing species1. Inno-
vative, environmentally benign and economic na-
notechnology-based approaches have recently 
emerged utilizing principally biological sources to 
produce nanosized structures with unique antimi-
crobial properties2. Due to the obvious advantages, 
the green synthesis of nanoparticles is a rapidly 
progressing area of the nanobiotechnology.

In line with this, the aim of this present study 
was to investigate the suitability of various green 
materials such as Parthenocissus quinquefolia plant 
extract and Phaffia  rhodozyma cell‑free extract for 
the preparation of iron nanoparticles (FeNPs), sil-
ver nanoparticles (AgNPs) and gold nanoparticles 
(AuNPs) by biological synthesis and to determine 
the toxicity of nanoparticles to human keratino-
cyte cells as well as against various fungal species 
with a special emphasis on antifungal efficiency 
against dermatophytes.

2. Materials and methods

For the preparation of iron, silver and gold nano-
particles the Parthenocissus quinquefolia plant ex-
tract and red yeast Phaffia  rhodozyma cell-free ex-

tract was used as a reducing and stabilizing agent 
during the synthesis. The morphological features 
of the synthesized FeNPs, AgNPs and AuNPs were 
analyzed by transmission electron microscopy. 
The hydrodynamic particle size distribution of the 
samples was assessed by dynamic light scattering 
analysis. The crystal structures were examined by 
X-ray powder diffraction. The optical properties of 
the obtained FeNPs, AuNPs and AgNPs were 
studied by ultraviolet-visible spectroscopy.

MTT mitochondrial activity assay was per-
formed to measure HaCaT immortalized keratino-
cyte cell viability. Cytotoxicity of the synthesized 
nanoparticles was assessed by crystal violet stain-
ing as well. The antifungal activity of the nanopar-
ticles was tested against pathogenic yeasts as well 
as against various dermatophytes (Table 1).

Table 1 List of the tested strains

Species Strain number
Candida albicans ATCC 10231
Candida glabrata CBS 138
Candida krusei CBS 573
Candida parapsilosis CBS 604
Candida tropicalis CBS 94
Cryptococcus neoformans IFM 5844
Microsporum gypseum SZMC 11124
Trichophyton mentagrophytes SZMC 11102
Trichophyton tonsurans SZMC 11103

3. Results

Our results indicate that the green synthesis was 
successful in all three cases. The as‑synthesized 
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silver and gold nanoparticles were phase pure, 
well crystalline with a face-centered cubic struc-
ture and have the characteristic peak which can be 
attributed to surface plasmon resonance. AgNPs 
were quasi-spherical, well separated from each 
other and minor polydispersity could be observed. 
The average size of the AgNPs proved to be 
4.1±1.44 nm. Gold particles were almost monodis-
persed, well separated and spherical with a nar-
row size distribution (2.22±0.7 nm). The FeNPs 
were around 50.1±2.44 nm and the particles were 
trapped in the plant matrix. Furthermore, screen-
ing of their biological activities confirmed that the 
iron and silver nanoparticles exhibited good anti-
microbial activity against all examined microbial 
species whereas the gold nanoparticles were toxic 
only to Cryptococcus neoformans. We also assessed 
the cell viability of human skin-derived keratino-
cyte HaCaT cells treated with biologically synthe-
sized AgNPs and AuNPs. Both AgNPs and 
AuNPs, applied in 0–60 µg/mL concentrations, 
were not toxic to HaCaT human keratinocyte cells. 
All the three examined dermatophyte species were 
sensitive to AgNP treatments in growth inhibition 
assay (Figure 1). AgNPs in 30 µg/mL concentration 
induced significant inhibition of colony growth, 
indicating an approximately 80% growth inhibi-
tion for each strain. On the other hand, none of the 
dermatophyte species reacted to AuNPs, when ap-
plied in 10 or 30 µg/mL concentrations, indicating 

that AuNPs are not suitable for 
the growth inhibition of the ex-
amined cutaneous mycosis-caus-
ing dermatophyte fungi.

4. Conclusions

In this work, we report a simple 
and eco-friendly method for the 
synthesis of iron, silver and gold 
nanoparticles using the Partheno-
cissus quinquefolia plant extract 
and red yeast Phaffia  rhodozyma. 
The as-prepared iron, silver and 
gold nanoparticles were charac-
terized by transmission electron 
microscopy, powder X-ray diffrac-
tion, dynamic light scattering and 
ultraviolet–visible spectroscopy. 
Moreover, a complex biological 
screening was carried out to de-
termine the biological activity of 

the nanoparticles. We demonstrated that these na-
noparticles are potent against cutaneous mycosis-
causing dermatophytes and opportunistic yeast 
species and are non-toxic to human keratinocytes. 
Considering our data in the context of the current 
clinical results, the biocompatibility to skin cells 
and the outstanding antifungal performance of 
our biosynthesized nanoparticles might be exploit-
ed during topical treatment of cutaneous mycosis 
or as a prophylactic treatment against the recur-
rence of the infection.
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Figure 2 Anti-dermatophyte activity of silver nanoparticles. Colonies of 
Trichophyton tonsurans (1), Microsporum gypseum (2) and Trichophyton 
mentagrophytes (3) on PDA and PDA supplemented with different 
concentrations of AgNP


