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Background and Purpose: Dermatophytoses is an important type of skin disease
caused by dermatophytes. The long-term treatment of this disease with standard
antifungal agents may be improved through the application of nanotechnology. This
study aimed to prepare nanoparticles of griseofulvin with zinc oxide and assess its
antifungal action.

Materials and Methods: Nanoparticles of griseofulvin with zinc oxide (GF-ZnO NPs)
were prepared. Physical characteristics of new preparation and antidermatophytic action
against two species of dermatophytes (Trichophyton mentagrophytes and Trichophyton
verrucosum) were investigated. Testing of two species was considered a primary test for
antifungals of griseofulvin nanoparticles.

Results: Physical examination indicated that GF-ZnO NPs had typical nanoparticle
characteristics. A new formulation showed effective inhibitory action against two fungal
species with higher efficiency than that of griseofulvin. T. mentagrophytes required a
higher MIC value (0.0625 pg/mL) of GF-ZnO NPs than that required by T. verrucosum
(0.031 pg/mL).

Conclusion: GF-ZnO NPs revealed an effective action against dermatophytes compared
to griseofulvin alone. Nanoparticles containing griseofulvin may be used in the
development of a novel drug for the treatment of dermatophytosis.
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Introduction
ermatophytes are a significant group of fungi
that produce a skin infection called
dermatophytosis or tinea [1]. This group
consists of three main genera: Trichophyton
spp., Microsporum spp., and Epidermophyton spp. [2].
Griseofulvin is regarded as one of the most commonly
used antifungals for the treatment of dermatophytosis
[3,4]. Nanoparticles are successfully developed for this
drug to improve its pharmaceutical potency [5]. The
antidermatophytic effect of griseofulvin nanoparticles
has been evaluated in some studies. Solid lipid
nanoparticles loaded with griseofulvin in gel form have
shown the good pharmaceutical capability for the
treatment of guinea pigs infected with Microsporum
canis [6]. Zinc-oxide nanoparticles (ZnO NPs) were
found to have an antidermatophytic effect on several
dermatophyte species [7, 8]. Compared to standard
antifungal agents, such as amphotericin B and

miconazole, ZnO NPs also exhibited more inhibitory
effects against dermatophytes [7]. Antidermatophytic
effects of griseofulvin-ZnO nanoparticles (GF-ZnO
NPs) were investigated against two species of
dermatophytes.

Materials and Methods

GF-ZnO NPs were prepared according to the
methodology used by George et al. (2014) with some
modifications in mixing two solutions [7]. The first
solution consisted of 500mg of griseofulvin (Sigma-
Aldrich, German) dissolved in 100mL of DMSO (5000
pg/mL). The second solution was prepared by
dissolving 0.5g of Zn nitrate (Sigma-Aldrich, German)
in 50 mL of distilled water (10000 pg/mL) in a conical
flask and agitated for 3 h. A mixture of two solutions
was placed in a shaker water bath at 70° C for 18 h and
then centrifuged and washed four times with deionized
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water. It was dried in an oven at 70°C to be crushed
later. The liberation of griseofulvin from GF-ZnO NPs
was tested at different pH levels using Lagergren
equations (1898).

The chemical bonds of the prepared GF-ZnO NPs
were determined through Fourier transform infrared
spectroscopy (FTIR) (Perkin-Elmer, 1725X
Spectrophotometer, Japan) in a frequency range of
4000-400 cm. The specimen was pressed to a thin
disc with KBr before measurement. The structure of
the nanoparticles was investigated by X-Ray powder
diffraction patterns (PXRD) (Shimadzu XRD-6000, X-
ray diffractometer, Japan) at Cu-Ka spectrum using
A=1.540562 A at 40 kW and 30 mA, with scan rate
=1.0 degree/min. The diffractogram was recorded at 26
5-100°. Atomic Force Microscopy (AFM) images
(Angstrom Advanced Inc., USA) were prepared to
determine the shape of the nanoparticles. The topical
analysis of surface roughness and the average square
root roughness was measured using the equation
adopted by Monef et al. (2013).

Fungi were isolated from a30 years old female
infected with tinea corporis who attended the Al-
Ammam Al-Hussein Medical City Hospital in
Karbala province, Iraq, in July 2018. Scales from
infected skin were cultured on Sabouraud’s Dextrose
agar (SDA, Himedia, India) with 0.05 g/L of
chloramphenicol and incubated at 28°C for 1-4 weeks.
Fungi were primarily diagnosed as dermatophytes,
according to morphological features of colonies and
macroconidia [11]. A confirmatory diagnosis was
made according to the molecular characteristics. The
fungi DNA was extracted from the old cultivated
mycelium (one week) by a spin column method using
the EZ-10 spin column fungal genomic DNA mini-
preps kit (Bio Basic INC., Canada). Polymerase chain
reaction (PCR) was used for amplification of internal
transcribed spacer regions (ITS) with primer pairs
(ITS1andITS4) under reaction conditions mentioned
earlier by White et al. (1990) [12]. The PCR for ITS
was programmed at 94°C for 2 min, 35 cycles at 94°C
for 35 sec, 52°C for 30 sec, and 72°C for 60 sec, with
a final extension at 72°C for 6 min. Negative control
was also applied in the absence of a DNA template.
Fungal species were determined after sequencing by
Bioneer (South Korea) and compared with other
sequences stored in Gen Bank using the BLAST
program.

The antifungal activity of GF-ZnO NPs was
identified using the agar well diffusion method [13].
Various concentrations of GF-ZnO NPs (1, 0.5, 0.25,
and 0.125 pg/mL) were prepared by dissolution in
ethanol. A sterilized physiological saline solution
containing 1.5 x 108 cells/mL of fungus was prepared
after adjustment to the 0.5 McFarland standard [14].
The fungi were inoculated on media by spreading 0.1
mL of fungal suspension on an SDA plate, and6 mm
wells were then made by sterile cork borer. In total,
100 pL of GF-ZnO NPs solution was added to each
well. Positive controls consisted of zinc nitrate
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dissolved in distilled water (71 mg/mL) and
griseofulvin in ethanol (1 pg/mL), while distilled
water and ethanol were used as negative controls.
Cultures were incubated for 72 h at 37 °C and
inhibition zones were measured. The MIC value for
the new formulation was determined using the CLSI
method, Should be modify [15]. A concentration of
2x10* cfu/mL of fungi in Sabouraud Dextrose Broth
(SDB) was prepared from a one-week-old colony. In
plastic microtiter plates (96 wells), 100 pL of fungal
inoculum was added to every single well. Two-fold
concentrations of GF-ZnO NPs were prepared and
100 pL of each was added to inoculated wells. Two
drug-free controls, including medium only and
medium with fungi, were also used. Plates were
incubated at 28°C and read visually after 3 days of
incubation.

Results and Discussion

A review of the spectra of the FT-IR images
revealed a significant change in the position of the
griseofulvin bands after the ZnO intercalation. The
intercalation of griseofulvin into ZnO, as presented in
the XRD images, revealed a well-ordered phase of
nanohybrid with a new peak at 2g = 10.4 for the new

nanocompounds (Figure 1). The observation of other
harmonics with the interlayer distance showed that
griseofulvin found its path and assembled for the
formation of monophasic nanohybrids, leading to the
formation of well-defined nanohybrids. Meanwhile, the
peaks belonging to ZnO were reduced in intensity
compared to the more intensive model of griseofulvin
interspersed with ZnO (Figure 1).

The AFM showed that the GF-ZnO NPs had a
surface roughness of 13.68 nm, the mean square root
was 11.68 nm, and the maximum surface was 195.56
nm. These values demonstrated the fully
topographical appearance of the membrane surface.
The release patterns of griseofulvin from the internal
layers of GF-ZnO in aqueous solution at pH 2, 4.8,
and 13were120,160, and 220 min, respectively. The
second-order model was better fitted with r? =1.0
(Figure 2).

The antifungal activity of GF-ZnO NPs has been
evaluated in two species of the genus Trichophyton. It
was found that GF-ZnO NPs inhibit the growth of
tested fungi more effectively than griseofulvin. The
inhibition zone was increased with an increase in the
concentration of GF-ZnO NPs. A significant effect
was observed at a high concentration of GF-ZnO NPs
(1 pg/mL) against T. mentagrophytes (21 mm) and T.
verrucosum (23 mm). Zinc nitrate was found to have
no effect on two dermatophytic fungi. T. verrucosum
showed more sensitivity toward GF-ZnO NPs,
compared to T. mentagrophytes. The MIC for GF-
ZnO NP against T. mentagrophytes was also high
(0.0625 pg/mL) compared to what is required for T.
verrucosum (0.031 pg/mL)(P=0.04) (Table 1).

Nanotechnology is observed as an advanced field in
the main dynamic examination areas of modern
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materials science [16]. Nanoparticles have new or
improved properties that are enhanced by specific
attributes such as size, circulation, and morphology.
Based on analysis of the results of Fourier Transform
Infrared (FT-IR) images, griseofulvin could form
nanoparticles with ZnO. This was also clear with the
results of powder X-ray diffraction that confirmed the
presence of sharp diffraction peaks as an indicator of
the well-ordered and highly crystalline structure of GF-
ZnO NPs. Intercalation of an organic substance
resulted in the expanded base spacing of ZnO caused
by the size and spatial orientation of the organic
substance in the interlamellar region of ZnO [17].

AFM is mainly used to analyze the surface
topography and surface crystalline structure of
formed nanoparticles. The results indicate that our
new preparation has good crystalline uniformity and
excellent homogeneity of GF-ZnO NPs [17]. The
average rate of crystalline granularity is an indicator
of membrane uniformity and potential use in solar
cells [18]. The ion exchange Kinetics is an indicator
for the velocity rate of separation and diffusion of
ions from the solid phase to the liquid phase. The
reverse action may occur at the same time after
overcoming all the interstitial and implied molecular
forces that interfere with the ion exchange process in
the solution. lon exchange kinetics plays a very
important role in determining the duration of the ion
exchange process and the state of equilibrium in
which the ion exchange process stops [19].
However, the ion exchange Kinetics depends on
several factors including; ion concentration,
temperature, helper presence, rapid propagation of
ions within the exchange, and the size of the ion
exchange [20].

Griseofulvin is an effective antifungal used to treat
different types of dermatophytosis, mainly for tinea
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Figure 1. XRD image of: a- ZnO, b- GF-ZnO NPs
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capitis and onychomycosis [1, 21]. Its mechanism of
action in dermatophytic cells includes inhibition of cell
division by blocking the formation of mitotic spindle
fiber [22]. It usually takes a long time (usually 4-6
months) to treat these types of infections [21]. Another
disadvantage of utilizing griseofulvin is that the tissue
layers are poorly absorbed [21, 22]. Therefore, the
conversion of griseofulvin into nanoparticles could be
considered the best solution for such problems.
Miconization or nanocapsulation of griseofulvin was
found to improve its digestion, absorption,
bioavailability, and clinical efficacy [5]. On the other
hand, ZnO NPs have also been shown to have
antidermatophytic activity that can be considerably
greater than standard antifungal agents [7, 8]. Its
antifungal action is primarily related to the generation
of highly reactive ions or chemicals, such as OH-,
H.0,, or O with the capacity to damage the fungal
cell wall or plasma membrane [23]. Therefore, the
combination of ZnO and griseofulvin can improve the
antifungal ability of each, particularly when prepared at
the nanoparticle level.

The standard effective MIC of griseofulvin for
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Figure 2. Zero-order, pseudo-first, and pseudo-second order model
of the controlled-release
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Table 1. Inhibition zone and minimum inhibitory concentrations (MIC) of GF-ZnO NPs against dermatophytes

Concentration

Compound (Lg/mL)
1
05
GF-ZnO NPs 0.25
0.125
MIC (ug/mL)
. . 1 pg/mL
Griseofulvin MIC (ug/mL)
Zinc nitrate 71 mg/mL

* Significant differences between zinc nitrate and other compounds at P<0.01

** Significant differences between fungi and griseofulvin at P<0.01

dermatophytes is 1 pg/mL [4, 15]. Griseofulvin
resistance has been reported in many species
of dermatophytes, such as T. verrucosum, T.
mentagrophytes, and T. tonsurans [3]. Therefore,
mixing griseofulvin with other materials can increase its
antifungal action without the need to increase
concentration. In this study, it was demonstrated that
GF-ZnO NPs had more significant effects with
low MIC values for T. mentagrophytes and T.
verrucosum.T. mentagrophytes showed a high MIC
value of GF-Zn NPs compared to T. verrucosum. This
variability in susceptibility is common in dermatophytes
and may be related to differences in species [4].

Differences between fungal species may not be the
only factor influencing the activity of antifungals.
Concentration is also important in the evaluation of the
antifungal activity. Increasing the concentration of the
agent will increase its antifungal activity in most cases.
This was demonstrated by the findings of the present
study. The antifungal action of ZnO NPs against T.
mentagrophytes and Microsporum canis was more
effective at higher compared to lower concentrations
[8, 23]. However, the elevation of antifungal
concentrations is not generally preferred since it
reveals the inappropriate characteristics of the agent.
Adverse effects of griseofulvin, such as headache and
aplastic anemia, are usually increased when used at
high concentrations [6, 22]. Meanwhile, the toxicity
rate of ZnO also rises at higher concentrations.
Therefore, mixing these compounds in low
concentrations will limit adverse traits and may show a
synergistic effect against fungi.

Conclusion

GF-ZnO NPs revealed a successful effect against
dermatophytes, and its antidermatophytic effect works
better in action, compared to a standard antifungal.
Griseofulvin in the nanoparticle formulation could be
used to develop a new medication used in the treatment
of dermatophytosis.
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