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Abstract

The antimicrobial and anticancer efficiencies of green synthesized silver nanoparticles (AgNPs)
through biogenic extracts were assessed on three bacterial strains and two cancer cell lines. Bio-
synthesized AgNPs were achieved through domestic microwave generator for obtaining extracts
from Asian nuts and Egyptian blackberry fruits. Surface plasmon resonance (SPR) ~435 nm
demonstrated AgNPs earlier formation by the fruit extract. Capping by triglycerides/almond and
phenols/berry extracts were responsible for the reduction proved by FTIR. XRD calculated
particle sizes were 18 and 42 nm while TEM sizes are 24.5 and 21.5 nm for AgNPs from almond
nut and blackberry fruits extracts (Alm.N.Ext. and BB.F.Ext.), respectively. Ag 3d5/2 was
recorded at 368.12 eV for both samples through XPS. The monodispersed AgNPs recorded
0.727 and 0.5 polydispersity indices (PdI) for almond/Ag and berry/Ag, respectively. Zeta
potential ~ =31 and —13.2 for the same sequence confirmed the higher stability of the former.
Reaction kinetics confirmed the advantage of fruit extract consuming only six minutes compared
to nuts, consuming twice. Bactericidal effect of the extracts seldomly presented remarkable
inhibition compared to extracts/Ag against the three species. In addition, Alm.N.Ext. showed the
highest inhibition against staphylococcus aureus (S. aureus) at 4 mM. The anti-cancerous effect
of Ag/berry against HepG2 is stronger than Ag/almond, and similarly for MCF7.

Keywords: bactericidal/anticancer approach, Ag-NPs, Green chemistry, spectral analysis, zeta-
potential
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1. Introduction

Being a multidisciplinary area of science and technology
recently developed on the basis of the synthesis of the
achievements of physics, chemistry, biomedical sciences as
well as of the information technology, nanotechnology is one
of the prior areas of science and technology of all advanced
countries in the world and also of many developing countries
[1-3].

Nanobiotechnology links biological principles with
physicochemical tools to create nanoparticles with specific
functions. It offers an economic use for chemical and physical
avenues for nanoparticles production [4]. The incorporation
of nanoparticles with biogenic molecules has led to the evo-
lution of several diagnostic devices, contrasting agents and
principal routes in cancer therapy [5].

Synthesis is carried out by numerous physical and che-
mical techniques, laser ablation, pyrolysis, chemical or phy-
sical vapor deposition, sol-gel, and lithography electro-
deposition. However, most of them are expensive requiring
toxic solvents [6]. Considerable efforts to manipulate envir-
onmentally friendly methods for the synthesis of noble metal
nanoparticles have been conducted [7]. These are usually
accomplished by the utilization of plant leaves or fruit extracts
[8] and bio-organisms [9]. Also, green methods have the
privilege of being fast and efficient leading to the production
of crystalline nanoparticles. A diversity of shapes as spheres,
rods, prisms, plates, needles, leaves or dendrites are thus
achieved [10]. Microwave heating significantly decreases
response times, increases product yields and improves pro-
duct’s purities by minimizing unwanted side reactions com-
pared to traditional methods. Its enhanced chemistry depends
on the perfect heating of materials by ‘microwave dielectric
heating’ effects. Compared to traditional courses, microwave
assisted synthesis is faster, leading to particles with an aver-
age size of 12nm [11].

The health advantages of almond nuts are related to their
effects on serum lipids and cardiovascular attacks. These
benefits are attributed to their content of mono- and poly-
unsaturated fatty acids. Moreover, their antioxidant activities
are related to polyphenols, tocopherols as well as the phy-
tosterols that reduce cholesterol effects [12—15]. On the other
hand, berry fruits offer many protective effects that are linked
to their phenolic compounds, including flavonoids and
anthocyanins [16-21]. The later constitute the essential group
of phenolic compounds in raspberry where the content of
ellagic acid is high, but less than anthocyanins [22-25].

Escherichia coli (E. coli) are bacteria population of the
gastrointestinal tract of humans and animals [26], they are
either commensals or pathogenic [27]. E. coli O157 repre-
sents isolates that are Shiga-like toxin producers and are
zoonotic agents causing severe diseases like diarrhea,
hemorrhagic colitis (HC) and hemolytic uraemic syndrome
(HUS) [28]. Staphylococcus aureus (S. aureus) is a leading
cause of food poisoning resulting from the consumption of
contaminated food with staphylococcal enterotoxins. Differ-
ent foods are suitable media for S. aureus such as fresh meat
and meat products [29], raw milk, dairy products and ready-

to-eat food [30]. Enterotoxins are highly thermostable, usual
cooking and pasteurization cannot totally inactivate them
causing food poisoning [31]. The onset of symptoms depends
on the amount of enterotoxin ingested. Classic staphylococcal
enterotoxins (SEs) antigens have been identified as SEA,
SEB, SECI1, SEC2, SEC3, SED [32]. The Candida species
present the most frequent isolated organisms among the
fungal [33, 34]. These represent groups of unicellular
opportunistic organisms, ever present in the natural sur-
roundings of dairy cattle. They are normal inhabitants of the
skin of the udder and teats and are existing in few numbers.
They can invade mammary glands causing clinical mastitis.
They are characterized by pain, prolonged fever, tenderness,
an inflammatory reaction in the mammary glands and asso-
ciated lymph nodes leading to milk yield and quality reduc-
tions [35]. Some intramammary fungal infections such as A.
fumigants and Candida Sp may result in death of affected
animals [36, 37].

In Egypt the most common cancer among females is
breast cancer estimated to be accounting for 37.7% of their
total with 12,621 new cases in 2008. It is the leading cause of
cancer-related mortality accounting for 29.1% of their total
with 6546 deaths (Egypt National Cancer registry Demitta
Profile, 2009). On the other hand, liver cancer death in Egypt
reached 5354, i.e., 1.47% of total death according to the latest
WHO 9 April 2010. Egypt is ranked 51 worldwide con-
sidering the age adjusted death rate is 9.79 per 100 000 of the
population.

A green approach was manipulated, in the present work,
to produce extracts from two different plant sources applying
microwave energy to achieve mono-dispersed silver nano-
particles (AgNPs). Extracts were obtained from an Asian nut:
almond and a particular traditional Egyptian fruit: the black-
berry. Each extract was used separately for the synthesis of
AgNPs using the microwave device for several exposure
times but at a constant power. The achieved nanoparticles at
the selected optimal conditions from each source were sub-
jected to spectral analyzes of ultraviolet-visible (UV-vis),
Fourier transform infrared (FTIR), x-ray diffraction (XRD),
and x-ray photoelectron spectroscopy (XPS). The nano-
particles shapes and sizes were defined using high-resolution
transmission electron microscopy/selected area electron dif-
fraction (HR-TEM/SAED), zeta potential and dynamic light
scattering (DLS). Their antimicrobial effects were compared
for three strains: gram-negative bacteria (E. coli), gram-
positive bacteria (enterotoxigenic S. aureus) and mycotic
strain (C. albicans). Anticancer efficiencies were performed
against two cell lines, MCF7 (human breast carcinoma) and
HepG-2 (human liver carcinoma).

2. Materials and methods

2.1. Synthesis

Almond nuts (prunusamygdalus) and the berry fruits were
used. The microwave was applied for the processing of
extracts for several minutes in a cyclic mode of (on 5, off
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Table 1. Notation of almond nuts and blackberry fruits extracts and
with AgNP post py-wave treatment.

Received Extract post Extract/silver
Resources dried pH-wave post p-wave
Almond nut Alm.N Alm.N.Ext Alm.N.Ext/Ag
Blackberry fruit BB.F BB.F.Ext BB.F.Ext/Ag

5s) to prevent intense boiling as well as aggregation. Proper
filter paper size was used to obtain extracts for the reduction
of Ag ions into Ag®. 10 g of each source along with 50 ml of
bidistilled water in 100 ml erlenmeyer flask were subjected to
microwave heating for several periods before decantation.
The extracts were filtered and stored in the fridge for further
synthesis experiments. Silver nitrate (AgNO;3) (Sigma-
Aldrich Chemicals) was used in several concentrations. The
nuts, fruits, and their extracts pre- and post microwave
treatment for the experienced conditions are presented
(table 1).

2.2. Characterization

UV-vis spectral analyzes were performed (JASCO, V-530
spectrophotometer) at a resolution of 1 nm. FTIR spectro-
scopic characterization was executed (Perkin Elmer FTIR
spectrophotometer) to investigate the influence of the func-
tional groups of either extract on nanoparticles development
through reduction of silver ions and to assess their surface
structures. The dried extracts and silver nanoparticles were
mixed with KBr powder semi-quantitatively (1-200 mg).
XRD analyses were recorded on a Bruker D-8 powder x-ray
diffractometer using Cu-Ka radiation (1=0.15418 nm) within
0 range of 20°-90° with a step of 0.02°. The exposed silver
surface species were determined by XPS on an Axis Ultra
DLD spectrometer with Al-Ka radiation (hv=1486.71¢V)
and resolution of energy of 0.48 eV. The peak positions were
corrected for sample charging by setting the C 1s binding
energy at 284.8 eV. XPS analyses were conducted at 150 W
and pass energy of 16 eV. Techno Philips HR-TEM, 200 kV,
microscopic studies were performed to characterize sizes,
shapes and morphological features of AgNPs. The HR-TEM
is supplemented with the SAED facility. Energy-dispersive
analysis of x-rays (EDAX) analyses were done using FEI
Quanta 200 ESEM. Particle size distribution was estimated
using a Zetasizer 1000 HS (Malvern Instruments, UK). The
light scattering fluctuations due to Brownian motion of the
particles were analyzed by photon correlation spectroscopy.
Measurements were performed at 25°C with an incident
wavelength of 633 nm and a 173° backscattering angle at
pH 7.0. Clear disposable zeta-potential cells (one cm path
length) were rinsed with ethanol, followed by deionized water
prior to sample loading. Monitoring light scattering was
performed at 25 °C with a 90° angle. Particle size distribution
was achieved at a fixed refractive index of the respective
formulation, and particles stability was assessed by zeta
potential. The ranges of size distribution were measured (a
particle size analyzer PSA: Malvern Zeta Sizer Nano ZS). The

dynamic light scattering (DLS) analyses were performed at
pH of 7.0+0.2.

2.3. Antimicrobial efficiency of bio-silver-nanoparticles

The antimicrobial activities were carried out using the agar
well diffusion method [38—40] applying different concentra-
tions of the tested nanoparticles (table 4). The method is a
qualitative technique for studying the antimicrobial activities
of the nanoparticles within almond or blackberry extracts. The
tested bacterial strains were: gram-negative (E. coli O157
ATCC 700728), gram-positive (enterotoxigenic S. aureus
ATCC 13565) and mycotic strain (C. albicans ATCC).
Dimethyl sulphoxide (DMSO) was used as control. Miiller—
Hinton agar plates (negative control) were inoculated with
bacterial strains. On the other hand, Sabouraud dextrose agar
plates were inoculated with fungal strains in concentrations
equivalent with 0.5 McFarland for bacterial strains and
2% 10° and streaked onto the agar plates using sterile swabs.
Then 80 ul of the tested samples were placed into the wells
under sterile conditions. Plates were incubated aerobically at
37°C in 24 h for bacterial growth and 28 °C in 48-72h for
fungal growth. Inhibition zones were measured (mm), and
experiments were carried out in triplicates.

2.4. Anticancer activities

24.1. Cell culture. MCF7 (human breast carcinoma) and
HepG-2 (human liver carcinoma) cell lines were used
(Karolinska Institute, Stockholm, Sweden). Cells were
maintained in RPMI 1640 medium, (LonzaBiowabhittkar,
Belgium). Additionally, 1% antibiotic—antimycotic mixture
(10000 UmL~1  potassium  penicillin, 10000 g mL™"
streptomycin sulfate, 25 ugmL™" amphotericin B, and 1%
L-glutamine (Biowest, USA) supplemented the media.

2.4.2. MTT cytotoxicity assay. This assay was used to
investigate cell viability [3-(4, 5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide] (MTT) (Bio Basic Canada Inc.,
Canada). The reaction depends on the mitochondrial
reduction of yellow MTT into purple formazan. A sterile
laminar air flow cabinet biosafety class II level (Baker,
SG403INT, Stanford, ME, USA) was used for performing all
the preceding steps. Incubations were done at 37 °C in 5%
CO, incubator and humidified atmosphere (Sheldon, TC2323,
Cornelius, OR, USA). Cells were seeded into 96-well
microtiter plastic plates at the concentration of (104 cells
per well) and allowed to adhere for 24 h. Media were
aspirated and fresh media (without serum) were added to the
cells with various concentrations of the test compounds (100,
50, 25, 12.5, 6.25, 3.12, 1.56, and 0.78 yugmL™" in dimethyl
sulfoxide) and were further incubated for 48 h. Media were
aspirated, and 40 uL MTT salt (2.5 ug mL™") were added to
each well and incubated for additional 4 h. Sodium dodecyl
sulfate (SDS) 200 uL of 10% were added to each well to stop
the reaction and dissolve any formed formazan crystals then
incubated overnight at 37 °C. The amounts of formazan
product were measured at 595nm with a reference
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wavelength of 620nm as a background using a microplate
reader (Bio-Rad Laboratories, model 3350, USA). For the
untreated cells (negative control), media were added instead
of the test compounds. Adrinamycin® (doxorubicin)
Mr=579.9) was used as a positive control at a known
cytotoxic natural agent giving 100% inhibition. The vehicle
used for dissolution of the tested compounds was dimethyl
sulfoxide (DMSO) and its final concentration on the
cells <0.2%.

2.4.3. Statistical analysis. Probit analysis using a simple t-
test (SPSS statistical analysis software package/version 11.0,
SPSS Inc., (IL), Chicago, USA) was used to calculate LC50
for the samples and the negative control (cells with vehicle).

3. Results and discussion

The successive formation of AgNPs turned colorless AgNO;
solutions to brown or reddish yellow to dark red the higher
the duration of microwave irradiation. The brown color was
due to the excitation of the silver surface plasmon resonance
(Ag SPR) vibrations [41]. Samples abbreviations are given in
table 1.

The broadness of UV-vis spectra proved wide particle
size distribution. The absorption peaks grew sharper in par-
allel with the enhanced homogeneity of the particles [42]. The
sizes of silver nanoparticles were reported to have a linear
correlation with the peak intensities [43]. The characteristic
(Ag/SPR) bands are recorded at ~435nm and 439 nm for
Alm.N.Ext./Ag and BB.F. Ext./Ag, respectively (figure 1).

Microwave exposure time less than 14 min shifted
almond surface plasmon resonance (SPR) peak to a higher
wavelength ~435 nm but with smaller intensities (figure 1(a))
due to inferior AgNPs formation. Conversely, reducing the
microwave exposure time shifts the wavelength to a lower
value ~437 nm, for the berry (at 5 min exposure, figure 1(b)).
The absorption peak at 220 nm refers to the negative control,
i.e. AgNOj;. At 280 nm, the peak is attributed to tyrosine and
tryptophan residues of proteins in the extracts. Any peak at
260 nm could be due to free amino acids or carbohydrates
(data not shown). The reduced band width and higher band
intensity proved enlarged particle size. The effect of AgNO;
concentrations on the final silver nanoparticles will be dis-
cussed (running work). The present samples were exposed to
the time of 600s and 840 s for Alm.N.Ext./AgNPs samples
while only 360 s were sufficient for BB.F.Ext./AgNPs. The
size, shape, and the surrounding environment of the synthe-
sized AgNPs changed when the solutions were microwave
irradiated for more than 120 s [44].

The kinetics of reduction processes demonstrated that the
rate of formation of AgNPs was faster using blackberry
extracts compared to those almond nuts. Changes of rela-
tionship between the exposure times (t) in minutes and
InA, /Ay fit a linear correlation, where Ay and A, are absor-
bance intensities at initial time and exposure time f, respec-
tively. The calculated slope of the linear equation for

blackberry reduction rate was higher (R=0.429 min) in
comparison with the linear equation for almond nuts
(R=0.145 and 0.095 min) at extraction time of 14 min and
12 min, respectively (figure 2).

Fourier transform infrared (FTIR) spectra of the extracts
and extracts/Ag samples (figure 3) prove the dual role of the
plant extracts as a bio-reductant and capping agents. The
3467 cm™ band could be attributed to glyceride carbonyl
because, the one at 3007 cm™! is due to the C-H stretching
vibration. The glyceride carbonyl group changed to 3423 and
3359 cm™ for the Alm.N.Ext. and Alm.Ext./Ag, respectively.
Several bands at 1463, 1378, 1239 and 1163 cm™! are due to
the fingerprint of fatty acids while that at 1097 cm™" is due to
C=C (figure 3(c)) [45]. The carbonyl triglyceride bands for
the extract and the extract/AgNP moved to 1617 and
1572 cm™, while the 1463 cm™ band changed to 1406 and
1478 cm™ for the Alm.Ext. and Alm.Ext/Ag, respectively
(figure 3(a)). Since 1378 cm™! band moved to 1336 cm™ for
the Alm.Ext/Ag its absence in AIm.N.Ext. proved its
responsibility. The fatty acids group that should be at
1163 cm™ moved to 1139 cm™ for the Alm.N.Ext. and dis-
appeared for the Alm.Ext/Ag. The C=C band changed its
position from 1097 to 1053 and 1057 cm™' for the same
sequence. The carbonyl group vibration at 1746 cm™" recog-
nized the triacylglycerols.

The enhanced intensities of five IR bands at 3423, 1622,
1411, 1053 and 998 cm™! for Alm.Ext./Ag demonstrated their
contribution in the stability of the AgNP. The C-H bending at
992 cm™ in the Alm.Ext. changes from a kink to a shoulder
for the Alm.Ext./Ag proving, therefore, its involvement in the
reduction of Ag* to Ag® and a new band appeared at
998 cm™'. The bands at 3383 and 2855 cm™" are attributed to
phenolic O-H while that at 2926 cm™" is due to C-H bond.
The bands at 1745 and 1413cm™ are assigned to C=O
(figure 3(c)). The O-H band moved to 3418 and 3348 cm™
for the former and latter respectively (figure 3(b)). The car-
bonyl band at 1745 cm™" changed its position to 1631 and
1591 cm™ for the same sequence while the C=O band at
1413 cm™" showed blue move to 1341 cm™'. Moreover, the
band at 1066 shifted to 1008 cm™ for the berry extract/AgNP.
Additionally, the band at 1637 cm™! is related to the amide
bond (C=0) while that at 1256 cm™" recognizes C-O and
1146 cm™ due to C-O-C. The O-H band at 3348 cm™" and the
C-O-C-band at 1008 cm™ have increased intensities com-
pared to the extract proving, therefore, their responsibility for
AgNPs stability [46]. The C-OH at 1146cm™" of the fruit
turned to only a shoulder at 1149 cm™" and 1089 cm™ for the
extract and Ext.F./Ag, respectively. Its appearance proves the
O-H group involvement in the reduction of Ag" to Ag® [47].
The oxidation of C=0 increases as the two bands at 1745 and
1637 cm™' merge into one broad band for the Ext.F./Ag [48].
Therefore, Ag* reduction to AgNPs by the OH of the C-OH
group at 1066 cm™ is responsible [49-51]. The OH band for
the dried (black) AgNP is sharper than samples dried by
freeze drying (blue).

The dried nanoparticles possessed XRD patterns for Alm.
N.Ext./AgNP and BB.F.Ext/AgNP shown in (figures 4(a) and
(b)). Four peaks recorded at 38.21, 44.31, 64.71 and 77.81°
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Figure 1. UV—-vis absorption spectra of the silver nanoparticles prepared from (a) almond nuts extracts and (b) blackberry extract.
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Figure 2. The kinetics of AgNPs formation from almond and berry
extracts.

within the 260 range 30-80° are characterizing Ag. They are
indexed to (111), (200), (220) and (311) for fcc structure of
metallic silver (JCPDS file No 43-0641) and, therefore,
proved pure crystalline silver. The ratio between the (200) and
(111) diffraction peak intensities is 0.37, which is lower than
the conventional bulk intensity (0.52). Therefore, the (111)
plane is the predominant orientation [52-56]. Similar results
are recorded for BB.F.Ext./AgNPs. The quasi-spherical
morphology predominantly has the {100} along with the
{111} facet. The average nanocrystallite sizes were calculated
using the Debye-Scherrer’s formula D = K1/(f cos 8), where
D is crystallite size, K=0.94 is shape factor and A is wave-
length of Cu-Ka radiation. The average crystallite sizes of the
Ag NPs are 18 and 42 nm for Alm.N.Ext./Ag and BB.F.Ext./
Ag, respectively [57].
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Figure 5. XPS survey for the silver nanoparticles synthesized from both extracts of (a) almond and (b) blackberry. Corresponding
deconvoluted patterns of silver nanoparticles for (c) almond and (d) blackberry extracts.

Table 2. Binding energies of the purified silver nanoparticles synthesized from extracts.

Sources Ag 3d5/2 Ag3d3/2 AgO C N (6]
Alm.N.Ext./AgNP 367.15 373.21 368.8 286.66 398.85 532.21
BB.F.Ext./AgNP 367.76 373.81 368.8 285.00 400.00 532.23

The XPS survey spectra (figures 5(a) and (b)) show C, N,
O, and Ag atoms with high purity. The binding energy
referenced to the standard Cls at 286.60 eV. Results show
Ols, Cls, N1s and Ag 3d spectra. The Cls spectra were fitted
by one peak at 286 eV corresponding to C-C or C-H vibration
for both samples [58]. The corresponding Ols XPS spectrum
reveals a peak at 531.2+0.1eV and is assigned to metal-
oxide [59, 60], and the 398.66eV correspond to Nls
(figures 5(a) and (b)). The Nls peak is resolved into two
peaks at 398.85 and 400 eV for both the Alm.N.Ext./AgNPs
and BB.F.Ext./AgNPs, respectively.

Charged nitrogen atoms with an electrostatic interaction
with the silver surface are proved. The peak at 398.85eV
assigned to C-N unit points, therefore, to the interaction
between N atoms and the silver nanoparticles. The XPS
spectra showed double peaks of low energy bands (Ag 3d5/2)
at 367 eV beside the higher energy bands (Ag 3d3/2) at
373 eV. It is comparable to the individual core levels of bulk
Ag crystals (368 and 374 eV) [59]. For this reason, the dif-
ference in the original structure of the biogenic resources and
their respective influences on developing AgNPs are estab-
lished (table 2). The spectra were fitted in terms of two
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Figure 6. TEM under different magnifications and corresponding EDAX pattern with SAED for almond/Ag ((A), (C), (E), (G)) and for berry/

Ag ((B), (D), (F), (H)).

Table 3. Zeta potential and dynamic light scattering values of Ag synthesized from both extracts.

Sample Mean zeta potential (mV)  Zeta deviation (mV)  Conductivity (ms/cm) Polydispersity index (PdI)
Alm.N.Ext./AgNP -31.0 +6.78 0.182 0.727
BB.F.Ext./AgNP -13.2 +5.97 0.297 0.507

different chemical species with small energy Ag 3d5/2
~367 eV attributed to metallic silver (Ag”), coinciding with
the literature [60]. The higher energy band at Ag 3d3/2
~373 eV is assigned to an oxidation state due to heating.
The TEM images of Alm.N.Ext./AgNPs and BB.F.Ext./
AgNPs samples are shown in figures 6(A) and (B), respec-
tively. The average particle sizes of the monodispersed silver
nanoparticles are 24.5 and 21.5nm for Alm.N.Ext./AgNPs

and BB.F.Ext./AgNPs, respectively. The zeta potential and
dynamic light scattering values of Ag synthesized from both
extracts were shown in table 3. Single nanocrystal revealed
Ag-lattice fringes for almond/Ag (figure 6(E)) while Ag lar-
ger grains for berry extract have triangular and hexagonal
shapes [61-63]. In addition, energy dispersive x-ray analysis
(EDAX) pattern of sample derived from almond extract
characteristically approved traces of Ca at 4.0, 3.8 and 0.3
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Figure 7. Antimicrobial plates: (a) almond and (b) berry extracts against the three species: 1 for E. coli, 2 for S. aureus and 3 for C. albicans.

Six wells in each plate are revealing six different Ag concentrations.

EDX (figure 6(G)) while those for Cl and K appeared at 2.6
and 3.4 keV, respectively. Conversely, elongated rods with
high aspect ratios and truncated silver nanoparticles are
shown for the blackberry/Ag (figure 6(B)). Additionally, the
particles are enveloped by a protective capping film. The
selected area electron diffraction (SAED) patterns proved the
particles crystallinity with their planes agreeing with corre-
sponding XRD patterns. The strong optical absorption peaks
recorded approximately at 3 keV, for both synthesized AgNPs
are typically reported for the absorption of elemental silver
nanoparticles [64]. Traces of O atoms recorded at 0.6 keV
could be due to linked biomolecules. Figure 6(B) shows
nanoparticles of increased sizes and different morphologies.
The number of the polyhedral particles increased, with few
displaying rod forms. The extreme agitation between the
molecules should have led to a consequent aggregation of the
small particles due to rapid collisions. As the Ag* con-
centrations were constant for both sources, a higher growth
rate of nanoparticles is confirmed within a shorter time in the
berry extract. Figure 6 have clear lattice fringes. Few non-
spherical polyhedral particles are also recorded, especially for
blackberry (figure 6(B)).

These fresh nanocrystals lack the dominance of protec-
tive biomolecules leading to anisotropic nanostructures of
pentagons, spherical, triangle and hexagon forms. The thin
organic layer is acting as a capping agent leading to sound
dispersion at macroscopic scale for both, especially in
almond.

The antimicrobial activities of ANPs with gradual,
incremental concentrations were compared to the synergistic
effect of almond and blackberry extracts (figure 7). The three
different microorganism reference strains are accused to be
significant borne pathogens from animal origin.

Antimicrobial activities of tested biogenic extracts with-
out AgNPs were shown in table 4 and with AgNPs were
shown in figure 8.

From table 4 and figure 8 we see that the extracts of
almond and berry gave 13.67 and 11.0 mm against E. coli,
respectively. Therefore, the almond extract is more effective
against E. coli than the blackberry one. However, in the
presence of Ag, the inhibitory zones of the highest con-
centration of Ag/almond and Ag/blackberry (12.67 against
13.0 mm). Therefore, Ag/berry inhibition is stronger against
E. coli especially at the maximum concentration (4 mM). The
effects of almond and blackberry on S. aureau, E. coli and C.
albicans were estimated as following: for S. aureus the
almond extract alone is active (16.67 mm inhibition zone)
while berry extract has no effect. The highest concentration of
Ag (4 mM) provided 15 and 8 mm inhibitory zones for Ag/
almond and Ag/berry, respectively. All Ag/Alm concentra-
tions resulted in higher antimicrobial effect except at Ag/
almond 2 mM but were still lower than almond extract alone.
On the other hand, for the Ag/berry, all levels lead to sig-
nificant effect, except, the 3 mM give a negative value similar
to the extract alone.

For C. albicans: almond and berry extracts alone have
similar inhibitory effect against mycotic C. albicans. Addi-
tionally, Ag/almond is equivalent to almond alone, i.e., Ag
has a negligible effect at the studied concentrations and
against the three species. The lowest Ag concentration having
a larger inhibitory zone (11.0 mm) presents an exception.
Similarly, berry shows 10.0 mm with 1 and 4 mM Ag con-
centrations. Whereas, the 2 and 3mM give 11.0 and
11.33 mm inhibitory zone in the same sequence.

Figure 9 shows the cytotoxicities of the AgNPs synthe-
sized within both extracts were evaluated against two cell
lines: human liver hepatocellular carcinoma (HepG2) and
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Table 4. Antimicrobial activities of tested biogenic extracts without Ag nanoparticles and its synergistic effects against the tested microbial

reference strains (bacterial and mycotic).

Bacterial strains

Mycotic strains

Inhibition zone of E. coli

Inhibition zone of enterotoxigenic ~ Inhibition zone of C.

Concentration of Ag Nanoparticle 0157 ATCC 700728 S. aureus ATCC 13565 (mm, albicans ATCC (mm,
(mM) in 30 ml Ag/extract (mm, average) average) average)
1 1 BB 12.00 10.67 10.67
2 2 BB 10.33 8.33 11.00
3 3 BB 10.67 -ve 11.33
4 4 BB 13.00 8.00 10.00
extract BB 11.00 -ve 10.00
1 1 Alm 14.00 14.33 11.00
2 2 Alm 12.33 9.67 10.00
3 3 Alm 12.67 16.33 9.67
4 4 Alm 12.67 15.00 10.33
extract Alm 13.67 16.67 10.00
BB =blackberry, Alm =almond, —ve =no inhibition
16 - (a) . 16 4 —=—E coli
] | (b) —e— S.aureus
14 - 14 4 —&— C. albicans
| |
T 12 . = 121
E 1 a E .1
"; 10 -//\M—/ £ 10
g ) g )
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Figure 8. Antimicrobial activities of investigated plant extracts with AgNPs and their synergistic effects against tested microbial reference
strains (bacterial and mycotic). Extracts were from (a) almond nuts and (b) blackberry fruits.

human breast adenocarcinoma (MCF7). Initial Ag levels
(Alm1 and BB1) are 1 mM. The influence of doubling Ag
concentrations on the ICsy of the tested cell lines was con-
sidered: 2, 3 and 4 are their duplicates, triplicates and quad-
ruple, respectively. The Ag/Alm group showed that any
increase in Ag concentration lead to reduced ICsq against
MCF7. In almond extract and at the highest Ag concentration
(4 mM), the yield is only one fifth of the ICs, corresponding
to 1 mM concentration and is achieved in a continuous
manner. A similar trend is recorded for the Ag/BB group
except for the 2 mM, whose, ICs is higher than the 1 mM Ag.
Comparatively, the Ag/BB is more efficient against MCF7
than Ag/Alm especially at the highest level. Additionally, the
1 and 3 mM of the Ag/BB is better than Ag/Alm while the 2
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and 4 mM recorded similar effect against MCF7. Therefore,
4 mM are needed from each Ag/extract to achieve ICsq below
10. HePG2 data prove that only two Ag/Alm concentrations
(2 and 3 mM) and three concentrations of Ag/BB (1, 3, and
4 mM) proved any gradual increase in Ag concentrations/
extract lead to reduced ICs( values for Ag/Alm. At particular
concentrations of Ag/Alm and Ag/BB, the latter is more
efficient against HePG2. Since at 3 mM the ICs, of Ag/BB is
32 while it is 42 for Ag/Alm. For both cell lines and at the
same concentration of 3 mM of Ag/BB, IC5,=10 and 32
against MCF7 and HePG2, respectively. Therefore, the
influence of Ag/BB against MCF7 is three times more effi-
cient than HePG2 [65, 66]. (The HePG2 study is to be
continued).
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Figure 9. (a) Anticancer activities of investigated plant extracts with Ag nanoparticles and their synergistic effects against hepatocellular
carcinoma (HEPG2) and human breast cancer adenocarcinoma (MCF7), (b) cytotoxicity of the AgNPs versus Ag concentration.

The achieved AgNPs have individual orientations. Evi-
dently, the morphology of AgNPs is nearly spherical, with
some non-spherical ones having sizes less than 100 nm.
Spherical, as well as triangular or hexagonal particles,
exhibited enhanced physical properties especially when they
are small in size as the antibacterial properties of AgNPs were
reported to be size-dependent [65-75]. Comparing, Ag/Alm
versus Ag/BB, the former is more efficient against S. aureus
since, the latter shows better efficiency against E. coli. The
Ag/Alm particle size is smaller than Ag/BB. Average crys-
tallite sizes of AgNPs is 18 nm and 42nm for Ag/Alm
compared to Ag/BB. Additionally, the polydispersity index of
Ag/Alm is 0.727 compared to 0.507 for Ag/BB. Moreover,
the higher stability of the former (-31.0) compared to only
one-third of this value (—13.2 mV) for the later, is explaining,
therefore, the stronger antibacterial effect. Verifying FTIR
results, the presence of carbonyl triglycerides, fatty acids and
vitamin E in almond are more effective than the phenolic
compound in berry. Similarly, such trend could be drawn.

4. Conclusions

A simple and cost efficient route to synthesize stable and
mono-dispersed AgNPs was obtained from green microwave
extracts of almond nuts and blackberry fruits. C-H groups of
almond/extract are responsible for Ag ionic reduction into
Ag nanoparticles while the O-H groups of berry fruits played
the reduction role. Berry extract affected growth rate of
AgNPs within a shorter time. The higher stability of almond
AgNPs compared to berry AgNPs was proved by PDI data.
The green extracts protected the nanoparticles against
aggregation, therefore, excluded the need for capping agents.
The AgNPs crystallinity is confirmed by EDAX and XPS,
with the appearance of C, O and N proving the extracellular
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organic moieties enveloping the AgNPs. As a result, their
involvement in the reduction process is ensured. The achieved
results revealed significant synergistic effect of the extracts
(blackberry and almond) and AgNPs.

The most effective bacterial inhibition was achieved by
S. aureus followed by E. coli, and the least was C. albicans
for Ag/almond. Conversely, antimicrobial functions of Ag/
berry followed the order gram-negative bacteria E. coli better
than C. albicans with the least hindrance activity by the gram-
positive strain S. aureus. Conclusively, no linear correlation is
observed between Ag concentrations and inhibitory zone
diameters against the three antimicrobial species. While, on
the contrary, differences in efficiency of the Ag/extracts
against the three studied species is proved. The smaller par-
ticle sizes of Ag/almond, the higher PDI, UV- stability and
triple zeta potential values are in favor of such hindrance. The
anti-cancerous influence of Ag/berry was stronger against
(HepG2) and (MCF7) breast cancer. For this reason, the
present results established multiple beneficial functions of
naturally occurring antioxidant polyphenols to human health
providing adequate anticancer capabilities in a dose-depen-
dent manner. The current study was performed to add sci-
entific contribution in regard to the use of AgNP in
nanomedicine.
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