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Abstract

Green synthesis was successfully used for silver nanoparticles (Ag NPs) preparation using Berberis vulgaris aque-
ous extracts. The ultraviolet and visible (UV-Vis) spectroscopy, photon cross-correlation spectroscopy (PCCS),
transmission electron microscopy (TEM) and selected area electron diffraction (SAED) techniques were used for
characterization of the Ag NPs and confirmed the presence of Ag(0) in nanoparticles. The bimodal morphology was
discovered, namely, the larger particles had elongated shape and size around 200 nm, while the smaller ones were
spherical with a size of up to ten microns. All the nanoparticles (NPs) showed antioxidant activity against radical
DPPH and ferric-reducing antioxidant power. The Ag NPs possess antibacterial effects against Escherichia coli and
Staphylococcus aureus comparable to silver nitrate solution. In addition, also irritation potential of the produced Ag
NPs has been investigated ex Ovo and no irritation of vessels and their surroundings was found, which shows the
harmless character of the products.
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1 Introduction to the same material with larger diameters. Nanoparticles
have extensive application possibilities in various industries
from agriculture to medicine. In the field of medicine, NPs
are constantly being improved, for drug transport, screen-

ing for various diseases, and cancer therapy [2—4]. Due to

Nanoparticles are defined as objects with a size of
1-100 nm [1]. Based on their small size and relatively
broad surface, they have different properties compared
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increasing resistance to antibiotics, AgNPs are also studied
as antimicrobial agents [5-9]. These facts lead to the study
of Ag NPs as agents inhibiting resistant bacterial strains by
multiple mechanisms of action, involving induction of oxi-
dative stress, inhibition of DNA replication, or interaction
with proteins and enzymes [10, 11].

Various ways of NPs synthesis (chemical, physical, bio-
logical) are studied. Green methods narrow down the reduc-
ing abilities of chemical substances obtained from natural
sources. The advantages of green synthesis are economic
simplicity and environmental aspects, due to the reduction
of using toxic and harmful substances [12, 13]. In general,
the plant extract consists of several secondary metabolites
and biomolecules responsible for the reduction of metal
ions. These are terpenoids, flavones, ketones, aldehydes,
flavonoids, polyphenols, carboxylic acids, carbohydrates,
proteins and vitamins [13].

Berberis vulgaris L. (barberry, family Berberidaceae)
has been used in herbal medicine for more than 2500 years
[14]. More than 20 alkaloids (mainly isoquinoline alka-
loids) with pharmacological effects were identified in
different parts (also in fruit) of this plant, for example,
berberine, berbamine and palmatine [15]. In traditional
medicine in Asia (mainly Iran), the different part from
Berberis vulgaris L. is used for its antibacterial, anti-fever
and anti-pruritic properties [16].

Berberis vulgaris fruit methanolic extract was success-
fully used for Ag NPs preparation [17]. The authors used
methanolic extract as a prerequisite to potentially extract
phenolic substances and investigated the impact of experi-
mental conditions [17]. There are two more studies dealing
with Ag NPs biosynthesis using extracts of B. vulgaris [16,
18]; however, leaves were used in this case.

Antibacterial agents may be used for topical or systemic
administration. In the case of Ag NPs, the local application is
preferred [19]. They can be used for the treatment of diseases
on the skin, ocular or mucosal membrane [20]. For optical,
nasal, vaginal or oral application, the test for irritancy must
be realized. The Hen’s Egg Test on chorioalantoic membrane
HET-CAM is such method recommended by ICCVAM (Rec-
ommended Test Methods (NIH Publication No. 10-7553
—2010) [21].

In comparison with the mentioned works, our study is
focused on the greener synthesis of Ag NPs preparation
using an aqueous medium for extraction. We also studied the
biological activities of prepared Ag NPs using a selected set
of aqueous extracts of B. vulgaris L. fruit. Namely, antioxi-
dant and antimicrobial properties were investigated. Moreo-
ver, we report the results of ex Ovo irritation potential of
vessels by HET-CAM for the first time for Ag NPs prepared
using berberis.

@ Springer

2 Materials and Methods
2.1 Green Synthesis of Silver Nanopatrticles
2.1.1 Extract Preparation

A total of 200 mg of dried and milled fruit of commercial B.
vulgaris L. (Sanny Tea, Prague, Czech Republic) was sus-
pended in 4 mL of freshly distilled water, and the suspension
was mixed at room temperature for 2 h, or sonicated for 15
or 30 min without temperature control (Bandelin Sonorex
Digitec, Berlin, Germany). The solids were filtered out and
the filtrates were used for Ag NPs biosynthesis.

2.1.2 Silver Nanoparticles Synthesis

Ag NPs were synthesized according to our previous study
[18]. A total of 2700 pL of 5.5 mM silver nitrate solution
(Mikrochem, Pezinok, Slovakia) was inserted into a quartz
cuvette and heated at the required temperature (80 °C or
room temperature) using the Peltier heating tool. Then, 300
uL of B. vulgaris fruit extract was added. The reaction pro-
cess of Ag NPs preparation was detected visually by the
change of colour and by UV-Vis spectra monitoring. The
reaction process was stopped when the SPR absorbance did
not increase in the monitored region. Ag NPs were also syn-
thesized at room temperature, when 27 mL of 5.5 mM silver
nitrate and 3 mL of berberis extract were stirred for 16 h, and
monitored by UV-Vis spectroscopy using 10% dilution. The
UV-Vis spectra were measured by UV-Vis spectrophotom-
eter Cary 60 (Agilent Technologies, Santa Clara, CA, USA)
equipped with a Peltier heating system.

2.1.3 Size Distribution Measurement

Size distribution measurements of the obtained nanosuspen-
sions were performed using the PCCS methodology by Nan-
ophox particle size analyzer (Sympatec, Clausthal-Zeller-
feld, Germany). The refractive index of water was 1.33 and
measurements were repeated three times for all the samples.

2.1.4 TEM Analysis

The morphology of Ag NPs in the extract prepared by
sonication for 30 min was studied by transmission electron
microscopy (TEM). The nanosuspension was homogenized
in an ultrasonic bath Emmi-30HC (EMAG, Morfelden-Wall-
dorf, Germany) operating at 40 kHz at room temperature. A
droplet of the suspension was applied onto a lacey carbon
200 mesh nickel grid (SPI Supplies, West Chester, PA, USA)
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and dried. Prior to TEM analyses, the grid was coated with a
thin layer of amorphous carbon to improve the surface elec-
tron conductivity and to prevent charging under the high-
energy electron beam. TEM analyses were performed using
a 200 kV microscope JEM 2100 (JEOL, Tokyo, Japan) with
a LaB6 electron source.

2.2 Antioxidant Activity
2.2.1 DPPH Assay

The free radical scavenging activity was determined by the
methodology developed by Brand-Williams [22] with some
changes. To 2 mL of 0.1 mM methanolic solution of free radi-
cal DPPH (2,2-diphenyl-1-picrylhydrazyl; Sigma Aldrich, St.
Louis, MO, USA), 250 pL of extract or nanosuspension was
added. The mixtures were then incubated in the dark at room
temperature for 30 min. The negative control was a DPPH
solution with 250 pL. of methanol (Mikrochem, Slovakia).
The decrease of absorbance was measured at the wavelength
of 517 nm using UV-Vis spectrophotometer Cary 60 (Agilent
Technologies, Santa Clara, CA, USA) and the percentage of
antioxidant effect was calculated using Eq. (1),

AA(%) = [(Ap — A,) /Ap] + 100 (D

where A is the absorbance of the sample with DPPH, and
A, is the absorbance of the negative control. The data are
expressed as a triplicate average + standard deviation (SD).

2.2.2 Total Phenolic Content

The content of total phenolic compounds was determined
using Folin—Ciocalteau’s reagent (Sigma Aldrich, St. Louis,
MO, USA) by a spectrophotometric method by Waterhouse
with some modifications [23]. A total of 20 pL of extract
standard solutions of gallic acid (Sigma Aldrich, St. Louis,
MO, USA) with the concentration of 0.5-1.5 mg/mL or
Ag NPs were added to 1.6 mL of distilled water and 100
puL of Folin—Ciocalteau’s reagent. The reaction mixtures
were stirred and after 5 min; 300 puL of sodium bicarbo-
nate (Mikrochem, Slovakia) was added. The samples were
left in the dark at room temperature for 2 h. The absorb-
ance at 765 nm was measured spectrophotometrically using
UV-Vis spectrophotometer Cary 60 (Agilent Technolo-
gies, Santa Clara, CA, USA) against blanc (distilled water).
The equation obtained from the gallic acid calibration line
(y=0.3007x —0.0237; R*=0.9985) gave total phenolic con-
tent expressed as mg gallic acid equivalents (mg GAE/mL).
All measurements were in triplicate and standard deviations
were also provided.

2.2.3 Ferric Reducing Antioxidant Power

The FRAP (ferric reducing antioxidant power) method is
based on the reduction of Fe(3 +) ions into Fe(2 +). The reac-
tion mixture was prepared by mixing the acetate buffer with
pH 3.6, 0.01 M solution of 2,4,6-tripyridyl-S-triazine (Sigma
Aldrich, Steinheim, Germany) in 0.04 M HCl (Mikrochem,
Pezinok, Slovakia) and 0.02 M ferric chloride (Mikrochem,
Pezinok, Slovakia) in a ratio 3:1:1 (FRAP solution) [24].

To 2.25 mL of FRAP solution, 0.225 mL of freshly dis-
tilled water was added, and the mixture was incubated in
the dark at room temperature for 5 min. Then, 75 pL of
the sample of extract, nanosuspension or standard solution
of ferric sulphate (Mikrochem, Slovakia) with concentra-
tions 0.1-2 mM was added. After 5 min, the absorbance at
593 nm was measured spectrophotometrically using UV-Vis
spectrophotometer Cary 60 (Agilent Technologies, Santa
Clara, CA, USA) against blank (distilled water). The reduc-
tion ability was calculated from the calibration line equation
(y=0.0768x+0.0728; R*= 0.9929). All the measurements
were in triplicate and standard deviations were also provided.

2.3 Irritation Potential Ex Ovo

Freshly laid fertilized quail eggs (Coturnix coturnix japon-
ica,120 pcs) were purchased from the local certified hatchery
(Mala Ida, Kosice, Slovakia). The entire exterior of the eggs
was cleaned and disinfected by ethanol (70%). They were
incubated in a blunt end position in a forced-draft incubator
(River ET549/A, River Systems, Italy) with automatic continu-
ous rocking mechanisms (rotating of the eggs every 3 h) and
with standard ambient conditions of 38.2+0.5 °C temperature
and 60+ 2% relative humidity. After 56 h, the embryos were
transferred from eggshell to a sterile 6-well tissue culture plate
(Sigma Aldrich) under sterile conditions. They were then trans-
ferred back to the incubator and stored under the same condi-
tions as before, however, without rotating this time. Embryos
were controlled every day and dead embryos were discarded
humanely. At embryonic day 7, the vasoactivity was tested
by Luepke method [25]. The changes on vascularized CAM
were photographed without samples and 30 s, 2 min and 5 min
after application of 20 pL of samples by stereomicroscope
Olympus SZ61 (Olympus Corporation, Japan), digital cam-
era ARTCAM-300MI (ARTRAY, Japan) and software Quick
Photo 2.3 (PROMICRA, Czech Republic). To minimalise
subjective observations, two independent scientists evaluated
irritant effects (a total of 5 eggs per solution). The numerical
time-dependent scores for irritant effect including haemorrhage,
hyperaemia and coagulation were summed to give a single
numerical value which indicates the irritation assessment [25].
The chick embryos are considered experimental models as they
are exempt from the horizontal legislation on the protection of
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animals used for scientific purposes in Europe (2010/63/EU),
as well as in the USA, which means that no animal protocol
approval for the chick embryo is requested.

2.4 Antimicrobial Properties

The tested microorganisms (Escherichia coli CCM 3988
and Staphylococcus aureus CCM 4223) were obtained from
a Czech collection of microorganisms (CCM, Brno, Czech
Republic). Bacteria were cultured overnight, aerobically at
37 °C in LB medium (Sigma-Aldrich, Saint-Louis, MO, USA)
with agitation. The inoculum from these overnight cultures was
prepared by adjusting the density of the culture to equal that of
the 0.5 McFarland standard (1-2x 108 CFU/mL) by adding a
sterile saline solution. These bacterial suspensions were diluted
1:300 in liquid plate count agar (HIMEDIA, Mumbai, India)
resulting in a final concentration of bacteria approximately
5% 105 CFU/mL, and 20 mL of this inoculated agar was poured
into a Petri dish (diameter 90 mm). Once the agar was solidi-
fied, 5-mm-diameter wells were punched in the agar and filled
with 50 uL. of samples. Gentamicin sulphate (Biosera, Nuaille,
France) with a concentration of 50 ug/mL was used as a posi-
tive control and the plant extract used for the preparation of Ag
NPs was used as a negative control. The plates were incubated
for 20 h at 37 °C. The plates were incubated for 24 h at 37 °C.
Afterwards, plates were photographed and the inhibition zone
diameter (IZD) was measured using the software ImageJ 1.53e
(U.S. National Institutes of Health, Bethesda, MD, USA). All
the tests were applied in triplicate and the diameter of the clear
zone was calculated by Eq. (2) [26]:

1ZD
1ZD,

—-1ZD

sample negativecontrol

-1ZD

%RIZD =

x100 )

ositivecontrol negativecontrol

where % RIZD is the relative inhibition zone diameter (%)
and IZD is the inhibition zone diameter (mm).

2.5 Statistical Analysis

All analyses were performed in triplicate. The results were
analyzed using one-way analysis of variance (ANOVA) and
Tukey’s post-hoc test using SPSS 26.0 software (SPSS Inc.,
Chicago, IL, USA). The level of p <0.001 was used.

3 Results and Discussion

3.1 Green Synthesis of Silver Nanoparticles

3.1.1 Silver Nanoparticles Synthesis

The reduction of Ag(+) ions to neutral form Ag(0) was
achieved by using aqueous plant extracts (prepared at room

@ Springer

temperature, sonically 15 or 30 min) of B. vulgaris (BV,
fruit extract) serving as the reducing, stabilizing and capping
agent [27-29]. The observed visual colour change was the
first detection of the reduction of silver ions into Ag NPs.
The colour of the produced nanosuspensions was red—brown.

To monitor the reaction process, the UV—Vis spectra
were measured in the region of 200—-500 nm each minute
directly in the cuvette at the temperature of 80 °C. For
better visualization, we showed the spectra only for every
fifth, respectively, tenth minutes (Fig. 1). It should be
noticed that between 200 and 220 nm was observed n—c"
transitions of water. During the reaction, an increase of
absorbance maximum was detected due to the surface plas-
mon resonance (SPR) phenomenon. The maximum of SPR
absorption bands was between 425 and 438 nm (Table 1)
with a slight red shift with the time of reaction, pointing
to the possible increase of particle size. The heating was
stopped after reaching the maximum of absorbance.

The effect of the precursor concentration on the synthesis
of Ag NPs using B. vulgaris fruit extracts is the object of
our study in preparation, and the preliminary results have
shown that increasing temperature and AgNO; concentration
decrease the reaction time, so we used the 5.5 mM silver
nitrate as precursor and temperature of reaction was 80 °C.
In concentration of precursor point of view, we also synthe-
sized nanoparticles with precursor concentration of 2.2 mM;
the reaction time was 120 min for extract prepared without
sonification (no USG). In comparison with 5.5 mM precur-
sor, there is significant difference in the reaction rate. Simi-
larly, it was observed for sonically prepared extracts, when
the reaction rate with 2.2 mM silver nitrate was 180 min for
both extract with only slight decrease of absorption bands
representing surface plasmon resonance. As the temperature
change, we synthesized Ag NPs at 70 and 80 °C, and all the
extracts reduced silver ions four times slowly than at 80 °C.
These facts were confirmed also by our previous study when
higher temperature and concentration of silver nitrate accel-
erated the reaction process [18].

In the present case, the rate of bio-reduction was the high-
est using extract prepared at room temperature (no USG)
(26 min), followed by sonication for 30 min (32 min), and
finally, the slowest reduction of Ag(+) was observed for
extract prepared ultrasonically during 15 min (36 min). In
the study of reaction process within temperature impact, we
prepared Ag NPs at room temperature. The time of reaction
increased from a few minutes into 16 h. The SPR band posi-
tions were between 428 and 434 nm, that is no significant dif-
ference, but there are interesting observations in polyphenols
region (Fig. 1). The bands at 291 and 323 nm can be assigned
to polyphenols, such as quercetin, gallic acid, caffeic acid, and
coumaric acid. The band at 323 nm was slowly dissapeared
with the red shift (from 323 nm to 304-344 nm) in all the
spectra at room temperature; on the other hand, absorption
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Fig.1 UV-Vis spectra monitoring of a sonical extraction Ag NPs
synthesis by different extracts of B. vulgaris fruit at room tempera-
ture. b Extract prepared without USG for 2 h. ¢ Extract prepared

Table 1 The position of SPR (surface plasmon resonance) band posi-
tion (SPR) and reaction time for Ag NPs synthesis at 80 °C and room
temperature (RT)

Extract preparation SPR band position Time of reaction
(nm)
RT 80 °C RT 80 °C
No USG 434 438 16 h 26 min
USG for 30 min 433 429 16 h 32 min
USG for 15 min 428 425 16 h 36 min

band at 291 nm did not. This leads us to suggest that not all
the polyphenols are responsible for bioreduction and/or are not
able to follow this proccess due to structural properties. Simi-
lar situation was observed for Ag NPS prepared at 80 °C from
extract without sonication, but with decreasing of absorption
band was also detected red shift from 323 to 345 nm. This
observation can be explicated by change in polyphonol struc-
ture, for example forming a new double bond that may corre-
spond to oxidation of hydroxyl group (C—OH) into oxo group
(C=0). For the Ag NPs prepared from sonicated extracts at
room temperature, the red shift for 30 min sonicated extract
was detected from 323 to 344 nm and 15 min sonicated extract
from 323 to 343 nm. Also, Ag NPs prepared at 80 °C from
sonicated extract (30 min) was observed red shift of absorp-
tion maximum from 323 to 342 nm. These observations may
lead us to predict that polyphenols are engaged in bioreduc-
tion of silver during the Ag NPs synthesis. At the tempera-
ture of 80 °C for sonicated extract (15 min), the situation was

54 silver nitrate silver nitrate
oh h

Abs

200 250 %0 350 00 0 500 2 250 300 350 400 450 500
Wavelength [nm]

c d

Wavelength [nm]

it) s silver nitrate
silver nitrate 0 min

0 min 5 min

5 min Jig 10 min

20min I Somin

2 30 min

40 min 34

Abs
Abs.

200 250 300 350 400 450 500 200 250 300 350 400 450 500
Wavelength (nm) Wavelength (nm)

f g

using USG for 15 min. d Extract prepared using USG for 30 min, and
at 80 °C. e Extract prepared without USG for 2 h. f Extract prepared
using USG for 15 min. g Extract prepared using USG for 30 min

different. The two absorption bands disappeared and the new
one was detected between them at absorption maximum of
310 nm and was slightly blue shifted within the reaction pro-
gress. It may be the result of disappearance of the band at
323 nm and red shift of band at 291 nm, or, on the other side,
the convolution of absorption bands affected by the environ-
ment of reaction process. This fact can also support the opin-
ion that polyphenols are serving as reducing agents, but it
needs more detailed study in the future.

Berberis vulgaris fruit extract was also successfully used
for Ag NPs preparation in another study published in 2022
[17]. The authors used methanolic extract as a prerequisite
to potentially extract phenolic substances and investigated
the impact of experimental conditions such as pH, tem-
perature, time and precursor concentration. The authors
observed the SPR bands around 420 nm and the reaction
time was from 5 to 180 min, depending on the used condi-
tions [17]. The authors also proposed the mechanism of Ag
NPs synthesis by B. vulgaris extract. The hydroxyl groups of
polyhydroxy(phenyl)carboxylic acids are oxidized by Ag(+)
ions into oxo groups and the carboxylate anions are capping
the individual nanoparticles [17]. There are two more stud-
ies dealing with the Ag NPs biosynthesis using extracts of
B. vulgaris [16, 18]; however, in this case, leaves were used.

3.1.2 Characterization of prepared Ag NPs
In order to obtain information about the prepared Ag NPs’

size, shape and monodispersity in colloidal solutions, the
prepared nanosuspensions were characterized by various
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methods. In getting information about the size of grains, the
samples were subjected to photon cross-correlation (PCCS)
measurements. By grain size, we mean the size of nanopar-
ticle aggregations (individual nanoparticles joined together
via the organic matrix), not the diameter of individual NPs
[30]. The grain size distribution data are shown in Fig. 2 for
all three prepared colloidal solutions.

Ag NPs prepared by various extracts of B. vulgaris fruit
at 80 °C showed the average grain size distribution between
97 and 127 nm (Fig. 2).

The results for all three nanosuspensions were quite similar,
with the mean (ds;) value being in the range of 97 to 127 nm.
However, for the sample prepared without USG (black curve)
and for the one subjected to the treatment to USG for 30 min
(red curve), also coarse particles with sizes larger than 5 um
can be seen. Nevertheless, the content of these coarse particles

does not seem to be substantial, and therefore, the sample with
the lowest d5, was futher analyzed by TEM.

Nanosuspension of the extract prepared by sonication for
30 min was analyzed with TEM (Fig. 3). The low magnifica-
tion image shows that the sample is composed of silver NPs
with two distinctly different particle sizes (Fig. 3a). Selected
area electron diffraction (SAED) was used to confirm that
the particles are crystalline silver with face-centred cubic
structure (s.g. Fm—3 m). The large silver NPs show irregular
morphologies; many of these particles are elongated and
reach more than 200 nm in length. In addition to the large
NPs, a fraction of smaller Ag NPs with sizes up to a few
tens of nanometres and more isometric morphology and
developed facets is observed in the sample. The observed
nanoparticle morphology is in accordance with the other
studies using plant extracts as reducing agents [18, 31-33].

;ig. Iéthr,z.lin Si:ﬁ di.strilbuti'on of 14 ] — No USG
g NPs biosynthesized using .
5.5 mM silver nitrate deter- 13 7 USG 30
mined by PCCS 12 4 —USG 15
11
10
9] d,=111nm
8
7 7] —
6] d, =97 nm
5
4 -
34
2
1 d,, =127 nm
0 -
//
— T T T T T - T v 7/7 T T T T T T T 7
100 200 300 400 2000 4000 6000 8000

Size distribution (nm)

Fig.3 a TEM image of the Ag NPs extract prepared by sonication for 30 min. b SAED pattern confirms the presence of fcc silver as the main
phase. ¢ High-resolution TEM image of the smaller Ag NPs with diameters up to a few tens of nanometres
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The analysis of SAED confirmed the formation of silver
in its elemental form, as the interplanar distances were in
accordance with the following crystallographic planes of
cubic Ag(0) (from the centre of the SAED pattern to the
outside: 111, 200, 220, 113). This assignment is in accord-
ance with the majority of studies describing the presence of
elemental Ag(0), e.g., in [32, 34-36].

3.2 Antioxidant Activity Study

Antioxidant activity studies were determined for aqueous
extracts and Ag NPs using a DPPH assay, TPC and FRAP
method. The results are summarized in Table 2, where all the
extract types and Ag NPs synthesized by them are expressed
as an average of three independent measurements + standard
deviation (SD).

The antioxidant capacity of the biological sample, pure
chemicals or isolated compounds is broadly studied these
days. The most frequently used method for antioxidant
capacity determination is the DPPH assay. The purple sta-
ble radical DPPHe (2,2-diphenyl-1-picrylhydrazyl) is a free
radical which reacts with the donor of hydrogen. The pres-
ence of delocalized spare electrons on the molecule pre-
vents dimerization and gives the colour to the molecule of
DPPH with an absorption maximum in UV-Vis spectra at
around the value of 520 nm. The reaction DPPHe radical
leads to its reduced hydrazine form DPPH, which results
in the colour change to pale yellow. The level of the disap-
pearance of the purple colour depends on the concentration
of the antioxidant. The scavenging capacity is usually deter-
mined in organic solvents, not in aqueous media [37-39].
The scavenging activity of plant extracts is in the range of
85.17-85.64%; for Ag NPs, we observed antioxidant activity
between 88.4 and 90.24% (Table 2, Fig. 4a).

As we can see, all the NPs showed higher antioxidant
activity against DPPH radical in comparison with the
extract. The highest antioxidant activity was observed for
extract prepared at room temperature (85.64%) as well as Ag
NPs synthesized using it (90.24%). The lowest antioxidant

properties were detected for ultrasonically (15 min) extract
(85.17%) and silver NPs prepared by it (88.45%). The dif-
ferences between the methods of extract preparation and
the antioxidant capacity of Ag NPs are not significant. The
antioxidant capacity of extracts of B. vulgaris fruit has not
been studied yet; some studies were published on extract of
root [18, 40].

On the other hand, an uncountable number of studies
dealing with the antioxidant activity of Ag NPs using the
DPPH method have been released. For example, Ag NPs
prepared by Khorrami et al. [41] determined the higher
scavenging activity of DPPH free radicals than the walnut
(Juglans regia) extract they applied. Authors speculated
that the improved antioxidant effect of Ag NPs is due to the
simultaneous activity of polyphenols as antioxidant agents
and Ag NPs serving as a catalyst [41]. Similar results were
obtained by Elemike et al. [42], who prepared Ag NPs by
Costus afer. Nanoparticles showed higher capacity against
DPPH than the leaf extract, and their activity was compara-
ble to that of ascorbic acid as a standard. The phytochemi-
cals (mainly flavonoids) presented in the extract and silver
ions are both able to serve as antioxidants through the single
electron and hydrogen atom transfer [42]. A different theory
was presented by Vijayan et al. [31], who indicate that the
increased antioxidant properties of nanoparticles compared
to the extract can be attributed to the adsorption of bioactive
compounds of leaf extract over spherically shaped nanopar-
ticles. Another theory suggested that the antioxidant ability
of Ag NPs is caused by the presence of phenolic compounds,
terpenoids and flavonoids in plants which allow nanoparti-
cles to act as singlet oxygen quenchers, hydrogen donors and
reducing agents [43].

The method of determining total phenolic content is
based on the oxidation of phenolic compounds. Folin—Cio-
calteau’s phenol reagent consists of a mixture of phos-
phomolybdic acid and phosphotungstic acid, in which the
molybdenum and tungsten are both in the oxidation state
6+ and are reduced to the oxidation state of 5+ during the
reaction. This is accompanied by a colour change of the

Table2 The DPPH antioxidant capacity, ferric reducing antioxidant power (FRAP) and total phenolic content (TPC) of plant extracts and Ag

NPs prepared at 80 °C

Extraction TPC (mg GAE™"/mL) +SD FRAP (mM/mL) DPPH (%) +SD

B. vulgaris Ag NPs B. vulgaris Ag NPs B. vulgaris Ag NPs
No USG 0.796+0.071 0.522+0.035 14.28"+0.514 15.86"+0.186 85.64"+0.096 90.24" +0.589
USG for 15 min 0.479+0.011 0.439+0.018 10.73°+0.198 12.19"+0.171 85.17°+0.182 88.45"+0.646
USG for 30 min 0.634+0.067 0.539+0.022 13.74"+£0.239 15.09" +0.351 85.35"+0.200 89.72"+0.155

Note: Comparisons between groups were performed using one-way ANOVA. All results are shown as mean +SD. All measurements were pro-

vided at room temperature

*A significant difference between Ag NPs and water extracts at p <0.001 level

““TPC are expressed as mg of gallic acid equivalents in mL of extract (mg GAE/mL)
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Fig.4 Scavenging capacity (%) against DPPH radical (a). Total phenolic content (b) and FRAP (c) of extracts of B. vulgaris fruit and prepared

Ag NPs

solution of Na,WO,/Na,MoO, from yellow to blue because
of the formation of complexes with phenols (Phenol-
MoW,,0,,*"). The absorbance is usually measured in the
range of 750-765 nm [44, 45]. The known fact is that the
content of total phenolics (TPC) in the aqueous extracts is
correlated with antioxidant activity due to the dependence
of antioxidant activity on phenolic compounds amount
[46, 47]. Our results are in agreement with this theory. The
highest amount of TPC was observed for RT extract and Ag
NPs prepared by this extract (0.634 and 0.552 mg GAE/
mL), on the other hand, the lowest, as well as DPPH, for the
USG 15 min extract and Ag NPs fabricated by it (0.479 and
0.439 mg GAE/mL) (Table 2, Fig. 4b).

Our results are in line with the literature [33, 48] as phe-
nolic compounds are reducing agents for Ag(+) ions and
thus determine the bioreduction potential of extract in silver
NPs production.

The FRAP (ferric reducing antioxidant power) assay is
based on the reduction of colourless Fe(3 +)-2.,4,6-tripy-
ridyl-S-triazine complex to the intensively blue
Fe(2 +)-2,4,6-tripyridyl-s-triazine complex in acidic
medium. FRAP values are calculated from increasing
absorbances measured at 593 nm [39, 44]. The results of
our observation lead to similarity to other used techniques in
our study (Table 2, Fig. 4c). Similarly, to DPPH, the FRAP
method also showed higher reducing power of Ag NPs than
extracts. The highest reducing capacity was determined for
extract prepared at room temperature and for Ag NPs pre-
pared from the extract (14.28 and 15.86 mg/mL, respec-
tively), so the ability to reduce Fe(3 +) ions to Fe(2+) of Ag
NPs is better than that of the extracts.

As a conclusion of the antioxidant properties of silver
nanoparticles, we observed the correlation between total
phenolic content and antioxidant activities (DPPH, FRAP) of
extracts. The Ag NPs showed in general higher antioxidant

@ Springer

properties, with no significant differences between extracts
used. We expect that the increased antioxidant activities of
Ag NPs are caused by bioactive compounds present in the
organic matrix that is adsorbed on the surface of nanoparti-
cles. This leads to the reduction of DPPH free radicals and
Fe3 +ions to a better extent in comparison to the extract.

3.3 Irritation Potential Ex Ovo

To determine the safety of the application of Ag NPs
obtained using berberis extract prepared sonically for
30 min, the irritation potential to vessels by CAM method
ex Ovo was evaluated. According to Luepke, the vasogenic
effect is determined by observation of changes in vessels, in
particular hyperaemia, haemorrhage and coagulation [25].
The irritation potential of the Ag NPs-containing
nanosuspensions prepared in this study was tested by an
environmentally, economically and animal-friendly CAM
model. This assay belongs to Recommended Test Methods
by the National Institutes of Health (NIH) and its division
Interagency Coordinating Committee on the Validation
of Alternative Methods (ICCVAM) (NIH Publication No.
10-7553 — 2010) [21]. We found that the biosynthesized
Ag NPs have antibacterial activity. It means that they can
be used topically not only on artificial surfaces but also on
human or animal skin and mucous. For application to dif-
ferent mucous, the irritation potential of Ag NPs must be
analyzed. Based on their potential future mucous applica-
tion, we tested the safety of Ag NPs by Hen’s Egg Test on
chorioalantoic membrane (HET-CAM). The extract from
berberis and the solution of AgNO; were also tested. The
results were compared to evaluate the effect of Ag NPs
in comparison with input substances for their synthesis.
Extract from berberis, 5.5 mM AgNO; and Ag NPs did
not show any of the three phenomena that determine the
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irritating capacity, namely hyperaemia, haemorrhage and
coagulation (Fig. 5). No other effects of AgNO; and berb-
eris were observed. In the case of Ag NPs, the small vaso-
constriction after 2 min were visible. However, after 5 min,
the vessels returned to the same state as before the applica-
tion. Vasoconstriction is not considered an irritating effect
according to Luepke [25]. In general, the results show, that
application of berberis extract, 5.5 mM AgNO; and Ag NPs
prepared from them do not cause any irritation of vessels
and their surroundings. Ag NPs with antibacterial activity
can be used topically not only on artificial surfaces but
also on human and animal skin and mucous. For applica-
tion to oral, vaginal, nasal mucous or ophthalmological
applications, irritation tests are necessary. According to our
best knowledge, this is the first report of the non-irritable
potential of Ag NPs ex Ovo tested by HET CAM. Based on
our results, the Ag NPs may apply to oral mucosa for the
treatment of dental [49] or mouth [50] diseases connected
with bacterial infections. The positive effect of Ag NPs
was tested in the oral mucosa of rats [51]. Moreover, the
results of the HET CAM assay predicted its nonirritable
usage on the vaginal mucosa, which is in accordance with
the ex vivo test of tannic acid/silver nanoparticle-based
mucoadhesive hydrogel on porcine vaginal mucosa [52].
The HET-CAM replaces the Draize rabbit irritancy assay
[53, 54], so it can used for therapy of ophthalmological

0s - 30
5.5 mM AgNO, .

Berberis

infections. Biosynthesized Ag NPs or different Ag NPs
were tested by in ovo methods for their antiangiogenic
potential [55] or effect on embryogenesis [56]. However,
up to now, no Ag NPs have been tested by the HET-CAM
method recommended by NIH.

3.4 Antimicrobial Properties

Silver and its compounds are known as antibacterial agents
against a broad spectrum of microorganisms. The antibac-
terial effect of the biogenic Ag NPs against pathogenic
bacteria was studied by the agar well-diffusion method on
two types of bacteria, namely S. aureus (as a Gram-positive
bacteria) and E. coli (as a Gram-negative bacteria). Both
bacteria species were resistant to plant extracts. Silver nitrate
(5.5 mM) as well as Ag NPs showed significant antimicro-
bial activity (Table 3, Fig. 6). The values of antibacterial
activities of 10 mM gentamicin sulphate as a positive control
represent 100% of RIZD.

The antibacterial study showed that Ag NPs fabri-
cated by various plant extracts of B. vulgaris and AgNO;
exhibit an antibacterial effect. All the studied samples of
Ag NPs showed antibacterial activity similar to a positive
control (gentamicin sulphate). The most effective were
Ag NPs from extract prepared sonically (30 min) against
both bacterial strains (S. aureus and E. coli) and showed

2 min.

Fig.5 The effect of 5.5 mM silver nitrate, berberis extract and Ag NPs (USG 30) on quail CAM at 0 s, 30 s, 2 min and 5 min after application
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better antibacterial effect than silver nitrate. The size and
morphology of NPs play a significant role in their anti-
bacterial efficiency. Smaller particles can easily penetrate
through the cell membrane and are able to rapidly release
Ag(+) ions during the oxidation process leading to the
apoptosis of the cell [17].

There were observed no significant differences between
gram-positive and gram-negative bacteria, but slightly
better antimicrobial effect indicated for gram-positive S.
aureus strain. The synthesized nanoparticles were slightly
more effective against the gram-positive strain of S. aureus
in comparison to E. coli, but the difference between both
strains was not significant (Table 3). Similar results were
published in 2015 [57].

Table 3 Antibacterial activity of biosynthesised Ag NPs expressed as
percentage of relative inhibition zone

Ag NPs E. coli [%] S. aureus [%]
No USG 88.06+0.939 85.55+1.067
USG 15 min 82.34+4.979 84.65+3.230
USG 30 min 89.88+1.747 90.09+3.344
AgNO, 88.50+6.089 89.80+3.400

Note: Comparisons between groups were performed using one-way
ANOVA. All results are shown as mean+SD. No significant differ-
ence between Ag NPs and AgNO; at p <0.001 level was observed

The results of other studies mentioned various effects on
gram-positive and gram-negative bacteria [58]. These con-
trasts in sensitivity may be explained by differentiation in
thickness and/or biomolecule composition of bacterial cell
membranes. Gram-positive bacterial membranes are com-
posed mainly of peptidoglycans and are more resistant than
the cell walls of gram-negative bacteria [30]. B. vulgaris
Ag NPs prepared from extracts of root and leaves exhibited
better antimicrobial activity against gram-negative bacteria
E. coli. The authors assumed that Ag NPs react with pro-
teins containing the thiol group inside or outside of the cell
membrane. Ag NPs inhibit the absorption and release of
phosphates and so lead to cell apoptosis [16]. In our results,
it was observed better efficiency against gram-negative
bacteria only for extract prepared at room temperature, so
extraction procedure affect the antimicrobial properties of
prepared Ag NPs and may be a key step in selectivity of rela-
tionship between antimicrobial activity and extraction pro-
cedure resulted to better control of antimicrobial resistance.

In general, the biosynthesized Ag NPs using all three
extracts exhibited antibacterial properties. The antibacte-
rial activity of the prepared Ag NPs is much higher than the
activity of the corresponding plant extracts. On the other
side, the antibacterial effect may be affected by the silver ion
activity of unreacted silver nitrate or bioactive compounds
present in the organic matrix.

Fig.6 The effect of inhibition zones of studied samples against A E. coli and B S. aureus (1, No USG Ag NPs; 2, USG 15 extracts; 3, USG 30
extract; 4, USG 15 Ag NPs; 5, USG 30 Ag NPs; 6, AgNO;; 7, No USG extract; G, gentamicin sulphate)
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4 Conclusions

We successfully prepared Ag NPs using B. vulgaris fruit aque-
ous extracts prepared by different extraction procedures and
investigated the role of three different extract preparation con-
ditions. All the extraction conditions, as well as sonication for
15, or 30 min, as maceration at room temperature (without son-
ification) led to extract with good antioxidant properties, which
finally resulted in the reduction of silver ions into nanosized
particles. The presence of elemental silver was confirmed by
the SAED pattern. TEM analysis was applied to obtain infor-
mation about the size and shape of prepared Ag NPs.

As the antioxidant studies showed, the Ag NPs exhibited
higher antioxidant capacity against radical DPPH as a reduction
ability of ferric (3+4) ions due to bioactive compounds presented
in an organic matrix. We expect that the silver ion reduction is
mainly responsible for phenolic compounds due to the decrease
of total phenolic content in nanoparticles compared to the extracts.

Our first-ever study of vessel irritation by Ag NPs showed
that silver nanoparticles prepared by B. vulgaris extract
(USG 30) did not affect the vessels and their surroundings,
so there is a potential for using them for an application on
animal or human skin, not only on synthetic surfaces. From
an antimicrobial point of view, prepared NPs showed anti-
bacterial activities comparable with silver nitrate.
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