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Abstract

Infection of the skin is caused by various microbial agents such as fungi. Given the alarming spread of
microbial resistance, a new therapeutic approach to combat antibiotic-resistant microbes such as nanoparticles
seems necessary. The objective of this study was the investigation of properties of silver nanoparticles
synthesized by a mixed extract of Scrophularia striata and Urtica dioica and to evaluate their biological activity
against skin infectious fungi. ultra violet (UV) spectroscopy, dynamic light scattering (DLS), X-ray diffraction
(XRD), Fourier transform infrared spectroscopy (FTIR), Energy-Dispersive X-ray (EDAX) and scanning
electron microscopy (SEM) were used for characterizing the synthesized nanoparticles. Antimicrobial activity of
the nanoparticles was then evaluated against three dermatophytes namely Microsporum canis, Trichophyton
rubrum and Candida albicans by measuring the growth disc diameter method. Minimum inhibitory
concentration (MIC) and minimum fungicidal concentration (MFC) were also determined using microdilution
technique. The maximum absorption peak of the nanoparticles was observed at 450 nm, which is in the range of
absorption for silver nanoparticles. X-ray diffraction also confirmed the presence of nano silver crystals. The
electron microscopy imaging showed that the nanoparticles were spherical in shape and have an average size of
405 nm. MIC value for biosynthesized nanoparticles were 31, 15 and 7 ppm for T. rubrum, M. canis and C.
albicans, respectively. It is suggested that the silver nanoparticles synthesized by using a combination of U.
dioica and S. striata extracts could be used as potent antifungal agents against the skin-deep pathogenic fungi.

Keywords: Antifungal effect, Green synthesis, Scrophularia striata, Silver nanoparticles, Urtica dioica.

Introduction

Dermatophytes are the most important and
common fungal pathogens that keratinize the skin,
each of which has its own symptoms and different
treatment options (Bar et al., 2009). The most
important genera of keratinophilic agents include
Microsporum,  Trichophyton,  Epidermophyton,
which are abundant in soil and can infected humans
(Majid et al., 2015). Over the past few decades, the
rate of emergence of new antifungal resistant strains
has been higher than the development rate of new
antibiotics. This trend has the major economic and
health impacts on human societies. Therefore, there
is an emergence for developing the new effective
agents and methods for the management of fungal
infections. The use of nanotechnology in medicine,
has already shown its tremendous impact in the
pharmaceutical industries (Pereira and Tagkopoulos,
2019). So far, many researches have conducted
research on nanoparticles and their antimicrobial
properties (Girén-Vazquez et al., 2019; Li et al.,
2020; Um-e-Aiman, 2021). The use of organisms
such as plants in the biosynthesis of nanoparticles as
a new method with less toxicity and risk is one of the

most widely used methods that have advantages over
chemical and physical methods such as compatibility
with the environment, no need for temperature,
pressure, energy, as well as use for the production of
nanoparticles on a large scale. Nanoparticles due to
their special properties show higher inhibitory effect
at lower concentrations than antibiotics (Wei et al.,
2015; Hernandez-Diaz et al., 2021).

Urtica dioica and Scrophularia striata are
herbaceous perennial plant in the family Urticaceae
and Scrophulariaceae, respectively, which have long
been used by humans for their healing properties.
Gallic acid, formic acid, carotene and vitamin A,
tannin, mucilage and vitamin C are the major
chemical compounds of U. dioica, but the S. striata
chemical constituents have not been identified yet
(Farzami et al., 2004; Matin et al., 2019).

In recent years, researchers have found that by
increasing the surface-to-volume ratio of silver metal
nanoparticles, their physical and chemical properties
can be altered that enhance in their ability to Kkill
fungi and bacteria (Zhang et al., 2019). The
objective of this study was the investigation of
properties of silver nanoparticles synthesized by a
mixed extract of U. dioica and S. striata and to
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evaluate their antifungal activity against skin
infectious fungi.

Materials and Methods

Procurement of materials

The U. dioica and S. striata plants used in this
study were prepared from local markets
(Kermanshah, Iran) and were powdered by electric
milling. Potato dextrose agar (PDA) and potato
dextrose broth (PDB) culture media were purchased
from Merck (Germany), AgNO; and fluconazole
from Sigma and fungal samples were prepared from
Iranian Research Organization for Science and
Technology (IROST).

Preparation of aqueous extract

Five grams of plant powder per were poured
into 100 mL of distilled water and boiled for 10
minutes. The extracts were then filtered using
Whatman paper it was then centrifuged at 20000 rpm
for 10 min and the precipitate was discarded. The
supernatant was finally transferred through a syringe
filter 0.22 um to eliminate contaminations and then
stored at 4 °C.

Green synthesis of silver nanoparticles

Ten milliliters of combined extract containing
7 mL of S. striata and 3 mL of U. dioica extract (2
mg mL?) were added to 90 mL of silver nitrate
solution (1 mM). The solution was exposed to
sunlight for 15 min till the color of solution changed
from the yellow to brown confirming the synthesis
of silver nanoparticles. The reaction solution was
centrifuged at 10,000 rpm for 15 min. The precipitate
was washed with deionized water for 3 times in
order to complete elimination of unreacted materials.

Characterization of silver nanoparticles
Synthesized AgNPs were first characterized
by UV-Vis spectroscopy. The UV-Vis spectroscopy
was carried out by wusing a single beam
spectrophotometer  (Agilent-Germany) and the
spectra was recorded from 200 to 800 nm. The
FTIR analysis was carried out by using a Burker
instrumentation. The morphology of NPs was
determined by FE-SEM, Zeiss Sigma, Model 8100.
Size distribution of the SpNPs was measured using
Malvern Zetasizer Ultra based on DLS method. The
XRD analysis was carried out by using a Bruker
Vantec-500 area detector (Cu Ka; 1=1.5418 A).

Antifungal assay

Candida albicans ATCC 10231 (PTCC5027),
T. rubrum PTCC 5143 (R613) and M. canis PTCC
5069 were used for the antifungal studies. Fungal
lyophilized pellets were cultured on potato dextrose
agar plates according to the wuser’s manual
instructions.
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Agar dilution methods

Potato dextrose agar (PDA) was completely
mixed with different concentrations of nanoparticles.
After 24 h, 50 pL of the standard McFarland from
each fungus was spread on the culture medium and
incubated at 28 °C 48 h for C. albicans and one
week for M. canis and T. rubrum due to slow
growth. The tests were repeated three times for each
fungus.

Minimum inhibitory concentration

Four rows of 96 well microplates were
considered for each fungus and 100 pL of PDB was
added to each cell. 100 pL of nanoparticles (500
ppm) was poured into the first well and continued as
a decreasing concentration until the well 7. For the
MIC test, the half-McFarland standard for each
fungus was used. Then, 10 microliters of freshly
prepared fungal species were added to all the cells of
the first three rows. Well No. 8 of each row
contained only culture medium and fungi were
considered as positive control. Fungal suspensions
were not added to the fourth row and included
different concentrations of nanoparticles and culture
medium, which was considered as a negative control.
Finally, the initial uptake of all cells was measured
by ELISA at 630 nm the microplate was transferred
to an incubator at 28 °C after one week, cell uptake
was re-measured and compared before and after
uptake. A well with the same primary and secondary
uptake was selected as the minimum inhibitory
concentration. Then two wells before and two wells
after MIC were cultured on agar medium and the
minimum concentration of nanoparticles in which no
growth was observed was determined as the
minimum lethal concentration.

Inhibition of fungal disc growth

Dilution agar with mixing method was used.
First, different concentrations of nanoparticles were
prepared. It was poured into Petri and mixed with
PDA in ratio 1: 2 and it was mixed well so that the
dispersion of the nanoparticles was uniform across
the medium. The nanoparticle environment was
exposed for 24 hours at room temperature to detect
any contamination. Thereafter, a 6 mm-diameter disc
loop was created on the original plate containing the
fungus. To inoculate the fungus in the culture
medium, the loop was first sterilized on the flame
and after cooling the loop, the fungus disk was added
to the culture center in the vicinity of the flame and
placed in complete contact with the nanoparticle
environment. After the fungal mycelium of the
control plate (no nanoparticles) reached the wall,
growth rate of fungal colony in other petri with ruler
measured and recorded the test was repeated three
times for each fungus. In this test, negative control
(culture medium and fungus) and positive control
(fluconazole antibiotic and culture medium) were
used. SPSS software was used to analyze microbial
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data.

Results and Discussion

Dermatophytosis and candidiasis are one of
the most important opportunistic fungal diseases in
humans (de Oliveira et al., 2019). Today, one of the
main difficulties in the treatment of patients with
fungal infections is the development of resistance to
antifungal drugs, as well as increasing the incidence
of fungal infections and the use of various antifungal
drugs. Therefore, new measures and treatment
methods must be adopted (Jansen et al., 2066;
Jafarzadeh et al., 2017). In this study the silver
nanoparticles were synthesized using mixed plant
extract of U. dioica and S. striata and the resultant
was then tested for its antifungal activity against
dermatophytes. The antibacterial properties of U.
dioica and S. striata extracts have been reported
individually in previously studies (Modarresi-
Chahardehi et al., 2012; Zangeneh et al., 2017), but
their antifungal activity was reputed for the first time
in this study. Also, silver nanoparticles have been
synthesized separately by U. dioica and S. striata
extract and their antibacterial properties have been
confirmed (Hatamnia et al., 2020; Abdel-Mageed et
al., 2021). However, silver nanoparticles have not
been synthesized by combining the extracts of two
plants, U. dioica and S. striata, and the antifungal
properties of these nanoparticles have not been
studied so far.

In this study the discoloration observed to
dark brown in the combination of U. dioica and S.
striata extract was a clear sign of the formation of
silver nanoparticles in the reaction (Fig. 1). This
color change confirms the reduction of silver metal
cations and the synthesis of silver nanoparticles,
which is attributed to the cumulative oscillations of
free electrons on the metal surface induced by an
electromagnetic (Tsuji et al., 2003; Shankar et al.,
2004).

In metal nanoparticles, surface plasmon
resonance is responsible for their unique optical
properties. The fully recorded UV-Vis spectrum
indicates an increase in surface plasmon vibrations at
a wavelength of 450 nm (Oberdérster et al., 2005).
Surface plasmon is the excitation of cumulative
charge oscillations at the joint of metal and
dielectric. When the frequency of the light that
strikes the metal nanoparticles was equal to the
frequency of the surface plasmon, the resonance of
the surface plasmon occured (Gardea-Torresdey et
al., 2002; Oberddrster et al., 2005). Our results show
that the maximum wavelength is about 450 nm,
which is in agreement with the results of other
researchers (Fig. 2).

The results of DLS method showed that the
mean hydrodynamic diameter of nanoparticles is
around 70 nm with a poly dispersity index (PDI) of
0.25 which indicating the uniformity in the sizes of
nanoparticles. This uniformity in size guarantees the

stability of nano systems by preventing their
flocculation.

In this study, the determination of the X-ray
diffraction characteristics has been performed from
10 to 80 degrees using XRD analysis. The peaks at 2
theta 38, 46, 64 and 77 refer to the plans (111),
(200), (220) and (311) in the silver crystalline
nanoparticles. XRD analysis also shows that silver
nanoparticles are synthesized with high purity (Fig.
3). This is concluded from the absence of additional
peaks in the XRD pattern. Our results are in line with
the findings of other researchers (Soékmen et al.,
2004; Mohamed et al., 2019).

Analysis of FTIR spectra showed that the
biomolecules in the extract covered the silver
nanoparticles as capping agent. A broad band
between 3417-3551 cmis due to the N—H stretching
vibration of NH, and OH functional groups related to
U. dioica and S. striata extract molecules. The band
at 1637 cm corresponds to C=0 stretching and peak
at 1618 cm™ belongs to NH,, peak at 1384 cm for
C-H or CHg3 and aromatic groups. Also peak at 1072
cm corresponds to C-O-C, 802 cm™* corresponds to
PO and 617 cm™ corresponds to N-H (Fig. 4).
Therefore, it can be concluded that some of the
water-soluble poly hydroxy compounds such as
alkaloids, flavonoids and polysaccharides are present
as capping agent in the structure of nano particles,
which are in line with the results of other researchers
(Emeka et al., 2014; Chandirika and Annadurai,
2018; Kwon et al., 2020).

Scanning electron microscopy (SEM) is a
useful tool for studying the surfaces of nano
structures and understanding their morphology. The
synthesized silver nanoparticles had spherical shape
and the mean particle size was determined as 405
nm (Fig. 5). The SEM results were in agreement
with that of DLS. It should be noted that the
presence of some differences in their values are
related to the difference in the measurement method.
The DLS measures hydrodynamic diameter and
hence the obtained results are somewhat larger than
the actual size observed in SEM. The result is
consistent with the results of other researchers
(Bindhu and Umadevi, 2013; Chandirika and
Annadurai, 2018).

Elemental analysis of synthesized silver
nanoparticles was carried out using EDX technique
(Fig. 6) As can be seen, in addition to silver metal as
the major component in the nanoparticle structure,
other elements such as oxygen, carbon, nitrogen and
sulfur are also existed in lesser amounts. This also
confirms the result of FTIR analysis which indicated
proper coating of silver NPs by organic plant
compounds that guarantees good colloidal stability
of nano system, which are related to the coating
molecules, are less present. These findings are in
agreemen with the results of other researchers
(Negm et al., 2015; Fatema et al., 2019).

One-way analysis of variance (ANOVA) was
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used to analyze the data obtained from antifungal
assays. The results of one-way variance between C.
albicans, T. rubrum and M. canis in different
concentrations of silver nanoparticles showed that
there are significant differences between different
groups. To check out the average of which group is
different from the rest, Scheffe post hoc test was
used and the results are given in Tables 2 to 6.
According to Table 1, C. albicans and T. rubrum did
not show any growth up to 31.25 ppm of silver
nanoparticles and M. canis did not grow up to 62.5
silver nanoparticles. This indicates that the
synthesized silver nanoparticles had antifungal
properties. As shown in Tables 2 to 6, silver
nanoparticles have a significant inhibitory and lethal
effect on fungi. The impact of nanoparticles is
directly related to the concentration of silver
nanoparticles. The higher the concentration of silver
nanoparticles, the greater the degree of inhibition so
that at a concentration of 500 ppm, the growth of
fungi is 100% prevented and even at 7.8 ppm, which
is the lowest concentration of nanoparticles, some
growth inhibition has been observed which indicates
the high antifungal properties of biosynthesized
silver nanoparticles (Table 5).

In order to determine the MIC and MFC of
silver nanoparticles, 96 well microplates were used
for three fungal samples of C. albicans, T. rubrum
and M. canis. The difference between the primary
and secondary adsorption of the wells was calculated
and the adsorption rates of different concentrations
of silver nanoparticles for the three fungal samples
are reported in Table 2. By examining the
microdilution results, the MIC for C. albicans was
7.8 ppm and the MFC was 15.7 ppm. For T. rubrum
the MIC value was 31.25 ppm and the MFC value
was 62.5. The MIC and MFC values for M. canis
were 15.7 and 31.25, respectively.

Effect inhibition  silver  nanoparticles
biosynthesis in the combined extract of U. dioica and
S. striata on the growth C. albicans, T. rubrum and
M. canis were placed on PDA medium containing
concentrations of 500, 250 125, 62.5, 31.25, 15.7,
7.8 ppm of the nanoparticles of silver under study
(Figure 7, Table 4). The results are indicative of the
effect of synthesized nanoparticles on the growth of
fungal mycelium.

Percentage of inhibition of fungal disc growth
showed that at a concentration of 500 ppm, 100% of
the growth of C. albicans, T. rubrum, and M. canis
was inhibited. The lowest level of inhibition of all
mentioned species growth was observed at a
concentration of 7.8 ppm with 50%, 40.42%, and
35% inhibition rat for C. albicans, T. rubrum, and M.
canis, respectively (Table 5).

Silver nanoparticles had a greater inhibitory
effect on C. albicans and this fungus was inhibited at
concentrations lower than silver nanoparticles also,
less MIC and MFC have been reported for it. T.
rubrum was more resistant to silver nanoparticles
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than the other two fungi. The tested extracts have
intrinsic antifungal properties, but according to the
results, the antifungal properties of biosynthesized
silver nanoparticles are higher than the combination
of the two extracts and this is due to the special
properties of silver and nanoparticles the results of
statistical analyzes in Tables 2 to 6 indicate a
significant difference between the groups of C.
albicans, T. rubrum and M. canis. Our results
demonstrated previously studies (Mousavi et al.,
2015; Robles-Martinez et al., 2019; Fatema et al.,
2019). Mousavi et al. (2015) investigated the
antifungal effect of silver nanoparticles with an
average diameter of 4 nm on several dermatophyte
fungi and reported the MIC level for M. canis 200
ppm and stated that this fungus was more resistant
than other fungi tested. However, in the present
study, the MIC was 15.7 ppm, which is contrary to
the results of Mousavi's research and shows that M.
canis is not very resistant to biosynthesized
nanoparticles with a combination of U. dioica and S.
striata extract and at concentrations lower than silver
nanoparticles, fungal growth was inhibited. In 2019,
Robles Martinez et al. (2019) synthesized 26 + 7 nm
silver nanoparticles from garlic extract, tested its
antimicrobial activity on T. rubrum, and reported
growth inhibition at 80 ppm. In the present study, the
rate of growth inhibition was reported at a
concentration of 31.25 ppm, which indicates that the
biosynthesized nanoparticles in this study are
stronger.

Conclusion

In this study, aqueous extracts of U. dioica
and S. striata were prepared and 70% S. striata and
30% U. dioica were mixed to prepare green silver
nanoparticles. After changing the color of the
solution from pale yellow to brown, UV-Vis
absorption of the solution at a wavelength of 450 nm
confirmed the synthesis of nanoparticles. The
physicochemical characterization of the produced
nanoparticles was performed using DLS, FTIR, SEM
and XRD analyzes. Altogether the results indicated
that the obtained 40 nm size nano particles are
capped and stabilized by plant compounds. The
antifungal properties of silver nanoparticles
produced on three fungi C. albicans, T. rubrum and
M. canis at different concentrations of silver
nanoparticles (7.8, 15.7, 31, 25, 62, 52, 125, 250,
500 ppm) were investigated. MIC values for C.
albicans, T. rubrum and M. canis were 7.8, 31.25
and 15.7 ppm, respectively. The results of this study
show that the nanoparticles produced from the
combination of U. dioica and S. striata extract have
significant antifungal properties in vitro. According
to the results of this study, it is suggested that the
synthesized silver nanoparticles can be used as a
suitable antifungal agent against dermatophytes.
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Table 1: The result of agar dilution by mixing method.

Extrac Concentration (ppm) Fungal species
t Fluconazole 0 7.8 157 3125 625 125 250 500
n - + + + - - - - - Candida albicans
+ - + + + - - - - - Trichophyton rubrum
+ - + + + + - - - - Microsporum canis

+: Growth, -: No growth

Table 2: Mean and standard deviation of microdilution results for tested microorganisms at different
concentrations.

Silver nanoparticles

+
concentration (ppm) X+SD F p

Microorganisms

Candida albicans 0 0.2570 = .00001b-h
7.8 0.0780 + .00283ac-h
15.7 -0.0210 + .00141abd-h
31.25 -0.0645 + .00212a-ce-h 1.106 0.0001
62.5 -0.0805 + .00071a-dgh
125 -0.0845 + .00212a-dh
250 -0.0910 + .00141a-¢
500 -0.0955 + .00071a-f
Trichophyton rubrum 0 0.0890 + .00566b-h
7.8 0.0475 +.00071ad-h
15.7 0.0425 + .00354ad-h
31.25 0.0120 +.00283a-ce-h 616.249 0.0001
62.5 -0.0025 + .00071a-dgh
125 -0.0115 + .00212a-dgh
250 -0.0405 + .00071a-fh
500 -0.0615 + .00212a-g
Microsporum canis 0 0.1560 £ .00001bc-h
7.8 0.0395 + .00071ac-h
15.7 0.0815+ .00212abdefgh
31.25 -0.0430 + .00141a-h 9.937 0.0001
62.5 -0.0560 + .00141a-df-h
125 -0.0805 + .00071a-¢eh
250 -0.0805 +.00141a-eh
500 -0.0920 + .00141a-h

(@ b, ¢, d, e f, g, h: Show a significant difference. a: compared with concentration 0, b: compared with
concentration 7.8, ¢: compared with concentration 15.7, d: compared with concentration 31.25, e: compared
with concentration 62.5, f: compared with concentration125, g: compared with concentration 250, h: compared
with concentration 500).

Fig. 1: The process of reducing Ag* to AgNPs. (a) Color change before reduction and (b) After reduction.
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Table 3: Comparison of mean adsorption of different concentrations of silver nanoparticles in three fungi
Candida albicans, Trichophyton rubrum and Microsporum canis.

X+SD F P

Silver Nanoparticles
concentration(ppm)
0

Group

0.2600 +.00001"
0.0850 + .00707%
0.1600 +.00001%
0.0800 +.00001%¢
0.0500 + .00001%
0.0400 +.00001%
-0.0200 +.00001%¢
0.0400 = .00001%
0.0800 + .00001%
-0.0650 + .00707"
0.0100+ .00001%
-0.0400 + .00001%
-0.0800 + .00001%®
-0.0025 + .00071%
-0.0600 + .00001%
-0.4450 + .50205"
-0.0100 + .00001%
-0.0800 + .00001°
-0.0900 + .00001%®
-0.0400 £ .00001%*
-0.0850 + .00707%
-0.1000 £ .00001
-0.0600 £ .00001
-0.0900+ .00001
C: Candida albicans, T: Trichophyton rubrum, M: Microsporum canis. a: Compared with Candida albicans,
b: Compared with Trichophyton rubrum, c: Compared with Microsporum canis. Different letters show a
significant difference among the treatments.

1.341 0.0001

7.8

275.167 0.0001

15.7

845.237 0.0001

31.25

644.103 0.0001

62.5

3.182 0.0001

125

1.064 0.0001

250

1.015 0.0001

500

264.840 0.004

SHOIEHOZIHOIZEHOIZEHOIEHOZIHOZEHO

Table 4: Mean and standard deviation of measurement of Inhibition of fungal disc growth results for tested
microorganisms at different concentrations.

Group Silver Nanppartlcles X +SD = p
concentration (ppm)
Candida albicans 0 70 +.00001°¢J
7.8 25+.000012H
15.7 23.5 +.70711%
31.25 19.5 +.707112-c
62.5 13 +1.4142129%
125 34.5+.707112-¢0 2.423 0.0001
250 6.5 +.707112-ei
500 .00 +.000012
Fluconazole .00 +.000012]
Extract 62.5+.707112h
Trycophyton rubrum 0 70+.00001P
7.8 41+1.4142124
15.7 37.5+.70711%-
31.25 35+.0000120
62.5 16.5+.707114
125 10.5+.707112-°9 2.464 0.0001
250 6.5+.70711%J
500 .00+.000012-"
Fluconazole .00 +.000012-9
Extract 63.5+.707112
Microsporum canis 0 70+.00001°
7.8 45.5+.70711%
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15.7 40.5+.707112b]

31.25 37.5+.707118b
62.5 34.5+.707118-°0
125 29.5+.707112] 2.328 0.0001
250 14.5+.707114]
500 .00+.000012-9i

Fluconazole .00+£.000012-9
Extract 65+.707112

(@ b, c, d, e f g, h, i j: Show a significant difference. a: compared with concentration 0, b: compared with
concentration7.8, ¢: compared with concentration 15.7, d: compared with concentration 31.25, e: compared with
concentration 62.5, f: compared with concentration125, g: compared with concentration 250, h: compared with
concentration 500, i: compared with Fluconazole, j: compared with extract).

Percentage of inhibition of fungal disc growth was obtained using Formula 1: Inhibition rate (%) formula 1,

R: radius of control fungus, r: sample growth radius)

Table 5: Percentage of inhibition of fungal disc growth using Formula 1.

Group Silver Nanoparticles Inhibition rate (%0)
concentration(ppm)
Candida albicans 0 0
7.8 50
15.7 66.42
31.25 72.12
62.5 81.42
125 87.85
250 90.71
500 100
Fluconazole 100
Extract 11.42
Trycophyton rubrum 0 0
7.8 40.42
15.7 46.42
31.25 50
62.5 76.42
125 85
250 90.71
500 100
Fluconazole 100
Extract 10
Microsporum canis 0 0
7.8 35
15.7 42.14
31.25 46.42
62.5 50.71
125 58.85
250 79.28
500 100
Fluconazole 100
Extract 7.14

Table 6: Comparison of mean fungal disc diameter growth at different concentrations of silver nanoparticles for
three fungi Candida albicans, Trichophyton rubrum and Microsporum canis.

Silver Nanoparticles Group X+SD F P
concentration(ppm)
0 C 70 £.00001
T 70 £.00001
M 70 £.00001
7.8 C 25+.00001%°

Mycopath (2023) 21(1): 7-17
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41+1.41421% 278.600 0.0001
45.5+.70711%
23.5 +£.70711%

37.5+.70711° 329.333 0.0001
40.5+.70711°
19.5 +.70711%°

35+.000012 570.500 0.0001
37.5+.70711°

13 £1.41421°

16.5+.70711° 266.167 0.0001
34.5+.70711%

34.5+.70711°¢

10.5+.70711°¢ 537.333 0.0001
29.5+,70711%

6.5 +.70711°¢

6.5+.70711° 85.333 0.002
14.5+.70711%

.00 +£.00001

.00 +£.00001

.00 +.00001

.00 +£.00001

.00 +£.00001

.00 +.00001

62.5+.70711

63.5+.70711 3.167 0.182

65+.70711
C: Candida albicans, T: Trichophyton rubrum, M: Microsporum canis. (a: Compared with Candida albicans,
b: Compared with Trichophyton rubrum, c: Compared with Microsporum canis). (a, b, ¢c: Show a significant
difference).

15.7

31.25

62.5

125

250

500

Fluconazole

Extract

ESHOZEHOZEHO0OZEH0OIZEH0ZIH0OZEH0ZI4H40Z4

2
? 1.5
=
El
=
Z
= 0.5
-

0

250 450 650 850
Wavelength (nm)

Fig. 2: Absorption spectrum of colloidal silver nanoparticles versus wavelength.
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800
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Fig. 3: X-ray diffraction pattern of synthesized silver nanoparticles using a combined of Urtica dioica and
Scrophularia striata.
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Fig. 4: Fourier transform infrared FTIR spectroscopy of biosynthesized silver nanoparticles using a combined

extract of Urtica dioica and Scrophularia striata.

@
a

< .
e :
HV det | spot
3000 kV ETD| 2.0 | 8.0 mr

Fig. 5: Scanning electron microscope image (SEM) of biosynthesized silver nanoparticles using a combined
extract of Urtica dioica and Scrophularia striata.
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Fig. 6: EDX form of biosynthesized silver nanoparticles using a combined extract of Urtica dioica and
Scrophularia striata.
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Fig. 7: Fungal growth on PDA medium in the presence of different concentrations of silver nanoparticles.
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