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Abstract

The current study aims to synthesize silver nanoparticlesZigipdnus spina ChrigdSQ or (Sidr)

aqueous leaf extract collected from Riyadh, Saudi Arabia. The green synthesis of silver nanopatrticles
using sidr leaves extract was successful. Production of silver nanoparticles wasdtimough

UV-vis Spectrophotometer, particles size and zeta potential analysis, Infra-red spectroscopy,
Scanning, and Transmission Electron Microsd@&M and TENL The U\~visible spectra showed

that the absorption peak existed at 400 nm. SEM analysis showed that the synthesized AQNPs were
spherical butin slightly aggregated form. TEM demonstrated different size ranr§8 afdwith an
average size of 13. The element analysid@stowed silver signal together with oxygen, calcium, and
potassium peaks which might be related to the plant structure. Biological effects of the synthesized
AgNPs exhibit satisfactory inhibitory effect against ten tested microorganisms. Itinhibited the growth
of 5 gram-positive andve gram-negative bacteria. Moreover, AQNPs demonstrated a synergistic
effect on the neurotoxicity induced in rat pups with orally administered methyl mefielatyg). The
present study showed that AgNPs prepared from ZSC might be a promising antimicrobial agent for
successful treatment of bacterial infection in intensive care(U@§ especially in case of antibiotic
resistance.

1. Introduction

Since the advent of nanotechnology, numerous physical techniques have emerged to synthesize nanopatrticles,
including sol-gel, ion sputtering, and chemical reduct[drS]. However, lately, an interesting trend, known as
green synthesis or biological synthesis of nanopatrticles, has efdgegetseveral green leaves from different
plants have been used for this purpose. In comparison to the conventional methods of nanoparticle synthesis,
green biosynthesis has gained considerable attention and is recommended, as it has lessimpact onthe
environment with minimizing or no health hazards.

Nanosilve{nanoAg usually occurs in the form of suspension which consists of particles of size less than
100 nm. These patrticles are traditionally used in many applications, including textiles, as conductive materials
and most commonly in medical devices. Relative to the popularity of nanoAg and its growing applications, a
considerable increase in the number of people occupationally exposed to these particles has also been observet
Due to antimicrobial activity, Ag NPs are suitable for a variety of applications like drug delivery systems,
sanitization, water treatment, and wound healit¢l 1]. It is well known that the biological activity and ability
to cross the blood-brain barrier is related to the size and surface coating of the fiaohbas been reported
thattranslocation of nanoAg with average siz& 5m through barrier cells takes place at different rates,
ranging from 30 min to 3 h without disrupting the tight junctions of the brain. Since nanoAg can be absorbed
through the lungs, intestine, and skin into blood, it may reach different organs. In the few years, a number of
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studies have been published in an attempt to understand various aspects of the toxicity of nanosilver [13-15].
Moreover; nanoAg may induce neurotoxicity which in turn can impair cognitive functions [16].

In several studies, different plants have been used for the synthesis of nanoAg. These include Ziziphus
jujuba a plantlocally grown in Saudi Arabia and used extensively for its health benefits. The medicinal
properties of Ziziphus tree, also known as nabq or sidr, were also recognized and have been in use in Pharaonic
carpentry, diet, and medicine. The Quran mentions the sidr tree twice and accordingly it is highly respected by
the Muslims throughout the Middle East [17]. It is traditionally used in the Muslim countries to wash the
bodies of dead Muslims prior to burial, with water in which Ziziphus jujub&eaves had been soaked [18].
Leaves of Ziziphus jujub@ontain a compound known as Ziziphin which demonstrates medicinal properties
and is commonly used in traditional medicine. Among the medicinal properties of Ziziphus jujube are
sedative properties, anticancer, antioxidants, antimicrobial and anti-inflammatory effects [19, 20]. The
Ziziphus jujubalant is rich in several organic compounds, including phenolic compounds, alpha-
tocopherol, and beta-carotene. Besides these, alkaloids, flavonoids, sterols, tannins, saponin, and fatty acids
have also been encountered in different species of the genus Ziziphus [21-24]. A few studies attempted to
synthesize nanoAg using the leaves of Ziziphus jujubalant, but the nanoAg prepared from plants grown in
different regions of Saudi Arabia showed different characteristics [25, 26]. At the biological level, a recent
study indicates that limited tissue distribution of silver detected from AgNPs is due to AgNP dissolution to
silver ion. AgNPs, therefore, demonstrate adequate safety through limited penetration and absorption
especially when given as intranasal drops [27]. It is well documented that all silver nanomaterials coated with
different materials (e.g., plant organic compounds) are 3—10 times less toxic to than AgNO3 [28] thus, the
toxicity of silver nanomaterials depends on how efficiently silver ions are released from the nanomaterials.
This information raised our interest to synthesize nanoAg from the water extract of Ziziphus jujubgin an
attempt to further use the medicinal properties of this plant. In this paper, we present the characteristics of
biologically prepared nanoAg from Ziziphus jujuband compare the antibacterial and toxicity properties of
nanoAg compared to the water extract of the plant.

2. Material and methods

2.1. Preparation of leave extract

Fresh and healthy leaves of Ziziphus jujuba&vere collected from Riyadh during November. The leaves were
washed thoroughly with running water from the tap, followed with double distilled water and were later air dried
atroom temperature. After complete removal of the debris and other contaminating organic materials, the
cleaned leaves were chopped and grounded, and 20 g was placed in a beaker containing 200 ml of doubled
distilled water. The mixture was boiled over a flame for almost 30 min, cooled to room temperature and filtered
through Whatman No 1 filter paper, to obtain a clear filtrate. The filtrate was stored at 4 °C until required for
further analysis.

2.2. Green synthesis of silver nanopatrticles

To the freshly prepared leaf extract, an aqueous solution of silver nitrate AgNO3 (2 mM) was added, to a final
concentration of silver nitrate of 1 mM and this catalyzed the reduction of Ag + ions. The reduction was
monitored by following the color change of the reactants from faint light green to dark brown (figure 1(A)).
Time and color change were recorded, along with periodic sampling and scanning by UV—visible
spectrophotometer, for a maximum of 5 h. Suitable controls were maintained throughout the experiment.

2.3. Characterization techniques
The synthesized leaf extract nanoAg particles were characterized using different techniques:

2.4. U\-vis spectra analysis

UV /Vis spectroscopic analysis was performed as one of the easiest and quick approaches for detection and
characterization of AgNP [27]. The UV-vis absorbance spectra indicated that nanoAg could shift the absorption
maximum to the visible light region [29]. Samples (1 ml) of the suspension were collected periodically to
monitor the completion of bioreduction of Ag + in aqueous solution by scanning in UV-visible (vis) spectra.
The spectral analyses were conducted by recording the absorbance at the wavelengths from 300 to 600 nmina
UV-vis spectrophotometer. The recording was carried out periodically at intervals of 10 min, 30 min, 60 min
and 3 Average sizes of the synthesized nanosilver.

2



I0OP Publishing Mater. Res. Exprég2018) 025033 AEl-Ansaryetal

—_
- N

]

c .

ks 0.8 ~——10 min

8 0.6 ——30 min

Q

<04 1 hour
02 3 hour

0

200 400 600 800
wave length (nm)

o

Figure 1.A; Color change, B; UV-Vis spectra showing absorbance with (different time intervals) with silver nanoparticle from ZSC
leaves extract (50 mg ml ™).

2.5. Average size of the synthesized nanosilver

2.5.1. Transmission Electron Microscopy (TEM)

The prepared nanoAg particles were subjected to the determination of the average particle size, using
transmission electron microscope (TEM). Transmission Electron Microscopy (TEM) is an excellent technique,
widely applied for particle sizing. It helps sample imaging on the absorption of a beam of electrons, during its
passage through an ultrathin sample (Less than 100 nm). The transmitted beam is then projected onto a
detector, which enables the visualization of objects in the nanometer-sized range.
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2.5.2. Particles size and zeta potential analysis

The hydrodynamic size of nanoAg particles and Zeta potential were measured in the nanoAg solution by
Zetasizer Nano Series ZS, Model number: ZEN3600. This instrument measures particle size by illuminating the
particles with a 633 nm wavelength red laser, at a scattering angle of 173°, a measurement temperature of 25 °C,
and a medium viscosity of 0.887 mPa s. Zeta potential value helps in understanding the inter-particle interaction
forces. The importance of zeta potential value can be related to the stability of colloidal dispersions. Particles in
the suspension with low density and smaller sizes with a large negative or positive zeta potential repel each other,
and the system is relatively stable and resists aggregation.

2.5.3. Infra-red spectroscopy (IR)

Infrared spectroscopy is usually used to detect the nature of bio-reducing functional groups, adsorbed molecules
at the surface of synthesized NPs and the changes related to the surface chemistry [30]. Infra-red spectroscopy of
the synthesized nanoAg was carried out in our central laboratory, KSU, Riyadh, Saudi Arabia.

2.6. Estimation of antibacterial activity

The antibacterial activity of the nanoAg particles and the plant leaf extracts were tested against ten strains of
Gram (+) ve and Gram (—) ve bacteria. These included: Staphylococcus aur@taphylococcus epideyBaisilus
subtilis, Streptococcus pneumgBigerococcus faecalis, Escherichia coli, Salmonella typhi, Pseudomonas
aeruginosa, Klebsiella pneumamnddrovidencia stuatthior testing the plant leaf extract and the nanoAg
particles containing solutions, the Disc diffusion method was applied. The discs were soaked with 100 ul of
double distilled water, silver nitrate (4-control), and nanoAg particle solution, separately and were air dried
under sterile conditions. The plates containing nutrient agar media aureus and by swabbing them with the
microbial cultures. The plates with the media and the cultures were divided into four equal parts, and previously
prepared discs were placed on each part of the plate. The plates were incubated at 37 °C for 16 h. At the end of the
incubation period, the maximum zone of inhibition was observed and measured for analysis against each type of
microorganism.

2.7. Neurotoxic effect

Twenty-eight Male Western albino rats (100-150 g) were obtained from King Saud University Riyadh and
divided into four groups with seven rats in each group. The animals were kept under standard conditions of
temperature and humidity. The control group (Group 1) received phosphate buffered saline throughout the
experiment. Group 2 was given chronic dose of methyl mercury [CH3Hg] (0.5 mg/kg/BW) for 21 days. T Group
3 received the same dose of CH3Hg followed by a 1 ml dose of plant extract for one month and Group 4 also
received the same dose of CH;Hg followed by the 1 ml of nanosilver for one month.

2.7.1. Ethics approval
All animal experiments were conducted after receiving ethical approval from the Ethical Committee at King
Saud University, Riyadh, Saudi Arabia.

Brain tissue was collected and washed with normal cold saline and then homogenized in ten volume/weight
of distal water. The homogenate was then centrifuged at 3000 rpm for 10 min. The supernatant obtained was
used for lipid oxidation and glutathione estimation by the method of Ruiz-Larrea etal[31] and Beutler et al[32],
respectively.

3. Results and discussion

Nanosilver has attracted attention since the fourth century AD, due to the dichroic character when it is
integrated into the glass [33]. More recently; silver was incorporated into different materials to increase
durability and other properties [34]. At a certain size, the silver becomes colorless, and it makes more chemically
durable materials, which slowly release silver ion for an extended period. Such materials are highly desirable for
medical and dental applications, in cosmetics, plastics, soaps, pastes, food and textiles, and food containers [34].
Interestingly, the mention of transparent silver goes far back, when almost 1400 years ago, the Holy Quran
mentions the existence of goblets made of silver but transparent like glass (Holy Quran chapter 76, verses
15-16). Since properties of NPs change, as the transformation occurs from the bulk material with decreasing
particle size to nano size. Metals as silver, which are opaque may change to transparent.

Wereport here a fast, inexpensive and reproducible procedure for the synthesis of nanoAg particles. The
addition of aqueous extract of ZSC leaves into an aqueous solution of silver nitrate (1 mM) led to the formation
of nanoAg particles. This process could be easily visualized and monitored through the change of color of the
reaction solution from faintlight green to brown. Figure 1 presents the UV spectra of AgNPs obtained at
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Figure 2IR spectra of Nano-silver biologically synthesized by ZSC leaves (Blue) And aqueous leave extract (Red).

different durations. The spectra generated by the nanoparticles was recorded after different time intervals of

10 min, 30 min, 1 h, 3 h, from the initiation of reaction using one mM solution of AgNO3 and the same amount
of plant extract. The results demonstrated a constant maximum absorption at 400 nm reflecting controlled size
and shape of the synthesized nanoparticles in the aqueous solution of ZSC. There was a direct relationship
between the time interval and the yield of AgNPs. These findings are in good agreement with the results of a
recent study published by Ahmed et al[35], who recorded time as a factor influencing the yield of nanoAg
particles from Azadirachta indicgjueous leaf extract. Moreover, the maximum spectrum band obtained at
400 nm is comparable to that recorded for nanoAg particles synthesized from Zizyphus spina Christillected
from Taif, KSA, and slightly different from that recorded for AgNPs biologically synthesized from Ziziphus
jujubaleaf extract with absorption band centered at A maximum at 434 nm. These findings reflect surface
plasmon resonance (SPR) of the green synthesized AgNPs [26].

Itis well known, that green synthesis of NP takes place through three levels which are: activation phase,
growth phase, and termination phase. In the primary activation phase, the metal ions are separated from their
salt under the effect of plant metabolites and biomolecules that possess reduction capabilities and that reduce the
metal ions from divalent to zero-valent states. During the growth phase, the separated reduced metal atoms
combine to form NPs while more biological reduction takes place. Finally, the termination phase was attained
during which the NPs reached their stable morphology and were capped by plant metabolites [36—38]. The IR
spectrum of green synthesized AgNPs showed an intensive peak at 1634.91 cm ™' 2165.92 cm ™', and
3256.55 cm ' (figure 2), which deviated slightly from those recorded by Halawani et al[26] for Zizyphus spina
christicollected from Taif. The peaks with strong absorption at 3276.55 cm ™" were attributed to the stretching of
the hydroxyl groups, as a functional group of carbohydrates, phenols, flavonoids, and alcohols, while the peak at
1634.91 was assigned for the C=0 stretching (carboxylic or amide) and C=C bond [39]. In the present study, the
less intense peak at 1380.80 cm ™' representing carboxyl groups, previously reported by Halawani et al[26]
suggests that the phytochemical composition of ZSC can vary from region to region with different
environmental factors and climate. The additional peaks recorded at 1727.222 and 1075.71 cm ™" in the AgNPs
synthesized by Halawani et al[26] were missing in the IR spectra of the nanoAg synthesized during the present
study. This finding supports the suggestion made in the previous studies which show that differences of
biomolecules in plants affect the biosynthesis of nanoparticles [40]. It is well known that high amount of
phenolic compounds in the plant extract usually influence the reduction process and stabilization of
nanoparticles [40]. Based on this we can suggest that hydroxyl, amino, carbonyl and amide moieties in the ZSC
extract were effective in the reduction and stabilization of the synthesized NPs. Plants grown under different
environmental conditions differ in the composition of these organic metabolites and hence show differences in
the characteristics of the nanoAg produced from them biologically[41]. Using TEM as an analytical tool, the
synthesized AgNPs demonstrates less aggregation and are spherical with size ranging from 4 to 33 nmin
diameter with an average size of 13 nm (figure 6). The range of AgNPs size and the average size obtained in the
present study was much lower than those reported by Halawani et al[26]. They reported a higher average size of
the produced AgNPs, ranging in size from 21.5 to 59.67 nm. The average NPs size obtained in the present study
was more or less similar to that previously produced from the same plant species in Egypt [26].

In the present study, the remarkably larger nanoAg size recorded by Zetasizer (ZS) (117 nm) (figures 3 and 4),
compared to the size measured by TEM (average size 13 nm, and largest recorded size, 33 nm) can be attributed to
the fact that TEM measures a number based size distribution of the physical size only, not including the
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Figure 3 Average size of Nano silver prepared with aqueous ZSC leaves extract.

Figure 4 Zeta potential distribution of Nano silver prepared with aqueous ZSC leaves extract.

Figure 5.TEM micrograph of the silver nanoparticles prepared with ZSC aqueous leaves extrat.

hydrodynamic status or mass-based size distribution. However, ZS is very sensitive to small amounts of large
particles either due to aggregation or contamination [42], and this can be the reason for shifting the ZS measured
particles to larger sizes. What the six-fold larger size of AgNPs found in our results by ZS finds agrees with the
results of a previous study of Souza et al[43] in which almost the same difference was reported.

According to the SEM micrograph, the morphology of the synthesized AgNPs was spherical but was in
slightly aggregated form. The agglomeration of small AgNPs shown by SEM micrograph can be confirmed
through the remarkably smaller size recorded by TEM (figure 6).
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