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Abstract

Green synthesis of silver nanoparticles (AgNPs) is an ecofriendly, cost-effective and promising approach for discovery
of novel therapeutics. The aim of the current work was to biogenic synthesize, characterize AgNPs using seed extracts
of three economically important varieties of date palm (Iklas, Irziz and Shishi), and assess their anti-pathogenic
bacterial activities. AgNPs were synthesised then characterised using electron microscopy and Fourier transform
infrared analyses. The bactericidal activities of AgNPs against five different bacterial pathogens, Bacillus subtilis,
Escherichia coli, Staphylococcus aureus, methicillin-resistant Staphylococcus aureus and Streptococcus pneumoniae,
were determined in vitro. In particular, changes in membrane integrity of virulent bacterial strains in response to
AgNPs were investigated. Results of lactate dehydrogenase, alkaline phosphatase activity assays, and measurement of
membrane potential revealed that the cytotoxic effects of the AgNPs were mainly centred on the plasma membrane
of bacterial cells, leading to loss of its integrity and eventually cell death. In conclusion, green synthesis of AgNPs is
an efficient, cost-effective and promising strategy to combat virulent antibiotic-resistant strains.
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Resumo

A sintese verde de nanoparticulas de prata (AgNPs) é uma abordagem ecologicamente correta, econémica e
promissora para a descoberta de novas terapéuticas. O objetivo do presente trabalho foi sintetizar biogénica,
caracterizar AgNPs usando extratos de sementes de trés variedades economicamente importantes de tamareira
(IKlas, Irziz e Shishi) e avaliar suas atividades bacterianas antipatogénicas. AgNPs foram sintetizados e caracterizados
usando microscopia eletronica e andlise de infravermelho por transformada de Fourier. As atividades bactericidas
de AgNPs contra cinco diferentes patégenos bacterianos, Bacillus subtilis, Escherichia coli, Staphylococcus aureus,
Staphylococcus aureus resistente a meticilina e Streptococcus pneumoniae, foram determinadas in vitro. Em particular,
foram investigadas altera¢des na integridade da membrana de cepas bacterianas virulentas em resposta a AgNPs.
Os resultados da lactato desidrogenase, dos ensaios da atividade da fosfatase alcalina e da medi¢ao do potencial
de membrana revelaram que os efeitos citot6xicos dos AgNPs estavam principalmente centrados na membrana
plasmatica das células bacterianas, levando a perda de sua integridade e, eventualmente, a morte celular. A sintese
verde de AgNPs é uma estratégia eficiente, econdmica e promissora para combater cepas virulentas resistentes
a antibidticos.

Palavras-chave: Iklas, Irziz e Shishi, AgNPs, FTIR, atividade antimicrobiana.

1. Introduction

Green synthesis of silver nanoparticles (AgNPs) is ~ 2020), the bark of Picea abies (Tanase et al., 2020), and the
an ecofriendly, cost-effective and promising approach |eaf of Pistacia atlantica (Hamelian et al., 2020). AgNPs have
for the discovery of novel therapeutics. Biologically
synthesised AgNPs have been derived from various plants
and microorganisms (Anandaradje et al., 2020; Balu et al.,
2020). AgNPs have been synthesised from extracts fromthe ~ (Aitenneite et al., 2016), wood (Charti et al., 2017), fruit
leaves of plants such as Mimosa albida (Pilaquinga et al.,  (Zafar and Zafar, 2019), and seeds (Mohammadi et al., 2020).

previously been synthesised from extracts of different parts
of the date palm: date palm pollen (Banu et al., 2018), leaf
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AgNPs have been documented as potent antimicrobial
agents against many pathogenic agents including those with
multidrug resistance strains ampicillin-resistant Escherichia
coli, erythromycin-resistant Streptococcus pyogenes,
methicillin-resistant Staphylococcus aureus (MRSA),
Pseudomonas aeruginosa and vancomycin-resistant
Staphylococcus aureus (Mohammed et al., 2018; Al-Brahim
and Mohammed, 2020). The resistance of microbial
pathogens to antibiotics is a pressing problem worldwide.
Biologically synthesised nanoscale metal particles have
been recently viewed as a promising innovative strategy to
overcome this problem (Mohammadi et al., 2020). AgNPs
are cost-effective, eco-friendly and easy to synthesise.
The mechanism by which AgNPs exert their antimicrobial
effects is likely to be disruption of cell membrane integrity
and permeability, and generation of highly reactive oxygen
species that can attack vital molecules inside the cells
(Al-Brahim and Mohammed, 2020).

Phoenix dactylifera (date palm) is a member of the family
Arecaceae (formerly known as palmae). P. dactylifera s the
main crop in arid and semiarid regions of the world and
plays pivotal social and economic roles of Gulf countries,
particularly Saudi Arabia. The Kingdom of Saudi Arabia is
considered one of the top countries in terms of the total
number of palm trees (exceeds 28 million palms), and date
production (FAO. 2011). Al-Ahsa is located in the Eastern
Province of Saudi Arabia and is the largest date-palm oasis
in the world. It has about three million trees, which are
cultivated over 30,000 acres. It is particularly famous for
the Iklas date.

Over the past two decades, date palm cultivation
has been doubled and consequently the numbers of
productive date palm trees have increased. There are more
than 400 distinctive varieties of the date palms that are
distributed across Saudi Arabia. Among the economically
important varieties are Iklas, Irziz and Shishi. Little is known
about the possibility of synthesising AgNPs from extracts
of the well-known date varieties in Al Ahsa. Therefore, the
aim of the current work was to synthesise and characterise
AgNPs using three important date palm varieties - Iklas,
Irziz and Shishi - to assess their anti-microbial potential.

2. Materials and Methods

2.1. Synthesis of silver nanoparticles from extracts from
three varieties of Phoenix dactylifera Seeds

P. dactylifera seeds of three economically important
varieties of date palm (Iklas, Irziz and Shishi), were
collected from Al-Ahsa Farm, Saudi Arabia. The seeds
were surface-sterilized using a 5% H,0, wash for 5 min,
followed by multiple rinses with sterile distilled water.
Then, the seeds were soaked in distilled water for 1 h,
to remove the remaining date fruit on the periphery
of the seed. The seeds were milled in 10 mL of sterile
distilled water, using a grinder for 10 min. The ground
mixture was centrifuged at 10,000 rpm for 15 min, and
the supernatant was transferred into a brown bottle and
kept in the dark for 24 h. After incubation, the supernatant
was mixed with an equal proportion of freshly prepared
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silver nitrate (1 mM AgNO,) and incubated for 3 h with
shaking. A transformation of the colour of the solution
from a semi-transparent pale yellow to brown was
observed after 10-15 min of incubation and indicated the
formation of AgNPs from the P. dactylifera seed extract.
The Ag particle solution was dried and centrifuged using
methanol at 10,000 rpm for 10 min to remove the debris.

2.2. Characterisation of the silver nanoparticles

2.2.1. Scanning electron microscopy

To study the morphological characteristics of
synthesised AgNPs, scanning electron microscopy (SEM)
was carried out in various magnification ranges. The shape
and size of the AgNPs were determined as previously
described (Nagajyothi et al., 2012). SEM analysis by, the
strains cultured on cover slips and the cover slips were
fixed in 2.5% glutaraldehyde in 0.2 M sodium cacodylate
buffer with pH 7.2, post fixed in 1% osmium tetroxide in
0.2 M sodium cacodylate buffer with pH 7.2, and serially
dehydrated in ethyl alcohol. Afterward critical point drying,
they were covered with gold using a sputter-coating system
and examined with a scanning electron microscope.

2.2.2. Fourier Transform Infrared Analysis

The synthesised AgNPs were characterized by Fourier
transform infrared (FTIR) analysis by following the standard
method described previously (Nagajyothi et al., 2012;
Nethradevi et al., 2012). Briefly, a pinch of the AgNPs
was dissolved in 3 mL of the methanol and measured at
the maximum wavelength by using FTIR spectroscopic
analysis (FTIR-8400, Shimadzu, Japan) by the potassium
bromide pellet (FTIR grade) method at a 1:100 ratio. The
spectrum was determined with an FTIR Nicolet impact
400 Spectrophotometer (Bruker Optics GmbH, Ettlingen,
Germany) using diffuse reflectance mode. FTIR measured
from 500 to 1 cm to determine the functional group of
the AgNPs.

2.3. Determination of the Minimum Inhibitory
Concentration

The minimum inhibitory concentration (MIC) of
the synthesised AgNPs against five different bacterial
pathogens - B. subtilis, E. coli, S. aureus, MRSA and Strept.
pneumonia - was determined using a standard protocol
(Arasu etal., 2013). Briefly, the compounds were dissolved
in dimethyl sulfoxide (5% DMSO) and sterilized using a
0.2 pm Millipore membrane filter. The solution was then
serially diluted (two-fold in a 96-well microtiter plate) in
the Mueller Hinton broth (MHB). An aliquot (5 pL) of the
freshly prepared bacterial suspensions of the test organism
(at 1.5 X 10% CFU mL) was transferred into 200 mL of
sterilized MHB. After mixing, the 96-well microtiter plates
were covered with a sterile plate sealer and incubated at
37 °C for 18 h under shaking. After incubation, 5 mL of
the microbial cells in each well were spotted on Mueller
Hinton agar plates and incubated at 37 °C for 18 h. The
visible growth was monitored to determine the MIC of
the particles. The experiment was repeated three times
to confirm the antibacterial activity of the AgNPs.
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2.4. Mechanism of the antimicrobial activity of the silver
nanoparticles

2.4.1. Alkaline phosphatase activity assay

2.4.1.1. Screening of alkaline phosphatase-producing
bacteria

The isolates of S. aureus and B. cereus were screened for
alkaline phosphatase (ALP) activity by cultivating on Heart
Infusion agar (Difco) containing 0.01% phenolphthalein
bisphosphate tetrasodium salt (Sigma) and 10% NaCl (w/v)
as per the method described by Helianti et al. (2007). After
incubation at 37 °C for 1-2 days, all pink colonies were
selected as potential ALP-producing strains. All selected
isolates were separately confirmed for their abilities to
produce ALP: A loopful of the selected ALP-producing
strain was inoculated into 5 mL of JCM no.377 broth and
incubated on a rotary shaker at 37 °C (150 rpm) for 24 h
for the seed culture. The seed culture broth (0.5 mL) was
transferred into 50 mL of modified JCM No. 377 broth in
a 250 mL Erlenmeyer flask (in duplicate) and incubated
as for the seed culture. The supernatant obtained after
centrifugation of the cultures at 13,300 rcf, 4 °C for 10 min
was used as crude enzyme for ALP activity detection.

2.4.1.2. Alkaline phosphatase activity assay

The ALP activity assay was done by the method described
by Helianti et al. (2007). The reaction mixture composed of
1.0 mL of 10 mM p-nitrophenylphosphate (pNPP) (Sigma)
in 0.2 M Tris-HCl buffer pH 10.0 with 5 mM MgCl,, and
0.1 mL of the crude enzyme was incubated at 37 °C for 15
min. The reaction was stopped with 1 mL of 1 M NaOH
and its absorbance was measured at 405 nm. One unit of
ALP was defined as the amount of the enzyme yielding 1
1M of p-nitrophenol in 1 min per mg protein under the
assay conditions. The protein concentration was estimated
by the Lowry method (Lowry et al., 1951) using bovine
serum albumin as the standard.

2.4.2. Measurement of membrane potential

The experiment was carried out according to the
method of Sdnchez et al. (2010) with some modifications.
In brief, an overnight culture of S. aureus and B. cereus was
diluted with fresh nutrient broth to obtain a cell density of
1x107 CFU mL™". The bacterial suspensions were subjected
to treatment with extracts from three types of P. dactylifera
(Iklas, Irziz and Shishi) as NPs and aqueous solutions at
25 °C for 10 min. Then, the treated bacterial suspensions
were further incubated with 0.5 pg mL-' of the membrane
potential-sensitive fluorescent probe bis-(1,3-dibutyl
barbituric acid) trimethine oxonol (DiBAC4(3); Life
Technologies, Eugene, OR, USA) in the dark for 5 min. After
incubation, the fluorescence intensity of DiBAC4(3) was
measured using a fluorescence spectrophotometer (Cary
Eclipse G9800A, Agilent technologies trading Co., Ltd.,
Shanghai, China) at excitation and emission wavelengths of
492 nm and 515 nm, respectively. Background fluorescence
resulting from 3-p-trans-coumaroyl-2-hydroxyquinic
acid (CHQA) added to the medium was determined and
corrected.
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2.4.3. Determining lactate dehydrogenase activity

2.4.3.1. Growth and harvesting of organisms

Bacterial cultures of S. aureus and B. cereus were grown
aerobically in 2.5 L flasks, containing 0.5-1.0 L of medium,
on a reciprocal shaker at 80 cycles per min. All cultures
were incubated at 37 °C. Cultures were harvested in the late
exponential phase of growth by centrifugation at 2,500 rcf
for 10 min at 4 °C. Cells were washed once with 0.05 M
potassium phosphate buffer (pH 6.5) and stored at -20 °C.

2.4.3.2. Preparation of cell-free extracts

Cells were suspended in approximately 20 volumes of
0.05 M potassium phosphate buffer (pH 6.5) and disrupted
by three passages through a precooled French pressure cell.
Cell debris was removed by centrifugation at 27,000 rcf for
15 min at 4 °C. Extracts prepared in this manner generally
contained approximately 0.3 mg of protein per mL.

2.4.3.3. Lactate dehydrogenase assay

Prepared extracts were assayed immediately for lactate
dehydrogenase (LDH) activity. The complete assay mixture
contained the following components in a final volume of
1 mL: 50 pmoles potassium phosphate buffer (pH 6.5),
2.5 pmoles sodium pyruvate, 0.136 pmoles reduced
nicotinamide adenine dinucleotide (NADH2)and 1-10 ng
of protein, depending on the activity of the extract. After
measurement of the endogenous NADH2 oxidase activity,
reactions were initiated by addition of pyruvate. The
decrease in optical density at 340 mA, resulting from the
oxidation of NADH2, was followed with a Zeiss M4 QIII
spectrophotometer (Carl Zeiss, Inc., New York, N.Y.)
equipped with a Varicord model 43 recorder. Assays were
conducted at 24 °C. Specific activity was expressed as
micromoles of NADH2 oxidized per minute per milligram
of protein. The amount of ALP was measured by slightly
modifying methods specified in (Arokiyaraj et al., 2014).

2.5. Statistical analyses

The experiment is designed as a complete randomized
design. The data from all measurements are analyzed with
ANNOVA/MANOVA of Statistica 6 software. The significance
of differences among means was performed using Duncan’s
multiple range test at probability level of p=0.05.

3. Results and Discussion

In the current study, AgNPs were synthesised using the
seed extracts of three economically important varieties
(IKlas, Irziz and Shishi) of P. dactylifera. The resulting green
synthesised AgNPs were characterized using SEM (Figure 1)
and FTIR analysis (Figure 2). The antibacterial activities of
AgNPs against five different pathogenic bacterial strains
were tested. The bactericidal effects of the AgNPs against
the drug-resistant strains were assessed by determining
the MIC, measurement of membrane potential, LDH, ALP
activity and intracellular protein leakage.

In this study, the expected change in colour of the
silver nitrate solution upon addition of the water extract
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Figure 1. SEM images of the biosynthesized AgNPs. AgNPs were synthesized using seed extract from date palm varieties Iklas, Irziz

and Shishi.
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Figure 2. Fourier transform infrared analysis of the biosynthesized AgNPs. AgNPs were synthesized using seed extract from date palm

varieties (A) Iklas, (B) Irziz and (C) Shishi.

of P. dactylifera, from pale yellow to brown, was visually
observed. This indicated the ability of the relevant seed
extract to reduce the silver nitrate salt into AgNPs due to
existence of chemically-active compounds (e.g., aldehydes,
phenols, flavonoids, terpenoids, tannin). Various plant
extracts have exhibited potential in reducing metal ions
into metal nanoparticles (NPs). Similar findings have
been documented in the literature by several authors
(Aitenneite et al., 2016; Ansari and Alzohairy 2018;
Singh et al., 2018; Zaheer, 2018).

3.1. Characterization of AgNPs

SEM images of the AgNPs showed that the NPs were
spherical nanospheres and nanoplates in shape, with a size
range of 46.79-73.72 nm, 8.82-61.06 nm and 527-776 nm,
for NPs formed with seed extracts from Iklas (K-AgNPs),
Irziz (R-AgNPs) and Shishi (S-AgNPs) varieties, respectively
(Figure 1). These findings correspond to those of Ansari
& Alzohairy, who found similar shapes with smaller
size NPs formed by date palm seed extract Ansari and
Alzohairy (2018).

For further characterization of the biosynthesised NPs,
FTIR was carried out. It is important to investigate the NP
surface due to its role in the nanotoxicology by the particles.
FTIR is an efficient technique to investigate the synthesis
of metal NPs in water solutions. FTIR is a spectroscopy
method that can identify variations in the total composition
of microorganisms through the determination of changes
in functional groups in biomolecules. FTIR measures the
vibration and rotation of molecules influenced by infrared
radiation at a specific wavelength. This technique allows
the identification of structural changes in the molecular
binding between microorganisms and metal atoms,
which can provide information about the nature of their
interactions
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We examined the potential interaction between silver
ions and the bioactive compounds existing in the date seed
extracts. FTIR confirmed their biosynthesis by Phoenix
dactylifera (Shishi, Risis and Iklas). The FTIR spectra of
the AgNps. (Figure 2) clearly presented that nanosilver
particles (Shishi, Iklas and Risis) were shown at 3309.433,
3310.423 and 3315.467cm ' overlapping with the OH signal
respectively. At 2027.672, 2027.672 and 2117.469 cm'
there was a X= C=Y allenes, ketenes, isocyanates and
isothiocyanates and at 1021.291, 1021.291 and 1019.214 cm'
(Sh, Ik and Rissi, respectively) there was the C-O stretching
vibration of alcohols, ether, esters, carboxylic acids and
anhydrides. At 664.148, 650,420 and 669.057 cm1 (Sh, Ik
and Rissi, respectively) there was C-X overlapping with
chloride, bromide and iodide. The main components
of the Phoenix dactylifera is cellulose, which comprises
phenolic hydroxyl, benzene ring, double bond, - O -, and
other groups. All these functional groups comprise lone
electron pairs. When the nano-scale microemulsion was
designed in the aqueous phase, these functional groups
were dispersed on the surface of the emulsion, display a
very strong adsorption capacity. Such findings show the
existence of silver AgNPs and indicate the extracts play
a key role as stabilizing and reducing agents by which
well-dispersed nanoparticles can be synthesised.

3.2. Antimicrobial activity of the AgNPs

The results of the antibacterial activities of the green
synthesised AgNPs against five virulent bacterial pathogenic
strains are presented in Tables 1 and 2. The AgNPs
exhibited antibacterial activities against all the pathogenic
bacterial strains tested, with a zone of inhibition diameter
of 1.0-1.8 cm. The MRSA strain was sensitive to all the
AgNPs synthesised from the seed extracts of the three date
varieties, as indicated by comparable diameters of the zone
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Table 1. Effects of AgNPs on bacterial viability and inhibition zone size.

Agent Bacillus subtilis E.coli MI‘ZSIZZIII;:' Stapfﬁ::‘;cms S‘:;ZI::;?‘:EZS

Antibiotic 3 3 3 3 3

K (AgNp) 13 1 11 1.2 14
K (water) 0.8 0 0.8 0.9 0.8
Antibiotic 3 3 2.5 2.5 2.5
R (AgNp) 1.8 13 1.2 1.2 1.6
R (water) 0.9 0 0.7 0.8 1

Antibiotic 2.5 3 2.5 25 2.5
S (AgNp) 1.2 13 11 14 13
S (water) 1 0.7 0.9 0.8 0.8

K = Iklas extract; R = Irziz extract; S = Shishi extract. Extracts added in silver nanoparticles (AgNp); or as aqueous solution (water).

Table 2. Minimum inhibitory concentration of AgNPs on bacterial viability.

Minimum inhibitory concentration

Nanoparticles Aqueous extract Standard
Bacteria
(ng mL?) (mg mL") (ng mL?)
K R S K R S K R S
Staphylococcus aureus 12.5 6.25 50 6.25 5 6.25 25 375 100
Escherichia coli 325 12.5 25.0 0 6.25 5 20 25 5
Bacillus subtilis 25.0 50 12.5 5 6.25 6.25 25 50 25
methicillin-resistant 6.25 6.25 50 5 5 5 25 25 50
Staphylococcus
Streptococcus pneumoniae 50 25.0 250 6.25 6.25 5 50 25 50

K = Iklas extract; R = Irziz extract; S = Shishi extract. Extracts added in silver nanoparticles or as aqueous solution.

of inhibition (1.1, 1.2 and 1.1 cm for K-AgNPs, R-AgNPs and
S-AgNPs, respectively) (Table 1). These observations agree
with that reported by Ansari & Alzohairy, who showed that
green synthesis of AgNPs using seed extract of P. dactylifera
have a potent bactericidal potential against MRSA (Ansari
and Alzohairy (2018). Similar antibacterial results have
been reported in AgNPs synthesised using various parts
of the palm date including fruit extract Zaheer (2018), and
leaf extract (Charti et al., 2017).

Unlike the corresponding AgNPs, no obvious zone of
inhibition was formed around the aqueous extracts of
date seeds against E.coli, indicating that the strain was
resistant to both extracts (Table 1). AgNPs have bactericidal
activity against E.coli most likely due to the toxicity of
silver ions. Interaction of AgNPs with the walls of E. coli
have been shown to result in cracking of the cell wall via
pit formation, leading to cell death (Sanchez-L6pez et al.,
2020). Aqueous extracts of date seeds showed lower
antimicrobial activities against the tested strains than their
corresponding AgNPs. This finding highlights the potent
bactericidal effects of AgNPs via mechanisms need to be
deciphered (Sanchez-Lépez et al., 2020).

The mechanisms via which Ag ions exert their inhibitory
actions against microbes are not fully understood. It has

Brazilian Journal of Biology, 2022, vol. 82, e242301

been argued that Ag+ ions are attracted to the negative
charges in the microbial membranes and peptidoglycan in
the cell walls via electrostatic attraction (Wu et al., 2020).
Consequently, severe disturbance of permeability and the
respiratory system takes place, leading to bacterial death.
AgNPs have a very tiny size and large surface area that
enable them to enter easily the cell and reach the nuclear
region of the bacteria (Sdnchez-Lépez et al., 2020).. Silver
ions could also result in impairment enzymes involved in
vital metabolic pathways such as respiratory chains, by
interacting with sulfhydryl groups in bacterial proteins.
Additionally, the toxicity of silver ions can be mediated
via prevention of DNA replication in the bacterial cells
(Sanchez-Loépez et al., 2020).

The MIC of the AgNPs ranged 32.5-50 ng mL' (Table 2).
Against E. coli, K-AgNPs exhibited the lowest level of
antibacterial activity with 32.5 pg mL-'. However, the
lowest level of antibacterial activity observed (50 pg mL )
was reported with K-AgNPs (against Strept. pneumoniae),
R-AgNPs (against B. subtilis) and S-AgNPs (against S. aureus
and MRSA) (Table 2). The MIC value for R-AgNPs and
K-AgNPs against MRSA were similar (62.5 pg mL™").
These are substantially higher MIC values than those in a
study by Ansari, & Alzohairy who reported that the MIC
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of AgNPs for MRSA was found to be 10.67 + 0.94 (Ansari
and Alzohairy (2018). This indicates the variability of
the bactericidal capabilities of AgNPs synthesised with
different seed extracts of various varieties of date palm.

3.3. Mechanism of the antimicrobial activity of the AgNPs

We next investigated the mechanism of the anti-bacterial
effects of the seed extract nanoparticles. Exposure of
bacterial strains S. aureus and B. cereus to K-AgNPs, R-AgNPs
and S-AgNPs resulted in a significant increase in ALP
activity (Figure 3). ALP activity was impacted only weakly
atlow AgNP concentrations. The ALP enzyme is located in
association with the plasma membrane in Gram-positive
bacteria and within the periplasmic space of Gram-negative
bacteria, and elevated levels may indicate disruption of
the bacterial cell walls.

Membrane potential (membrane voltage) is defined as
the difference in electric potential between the interior
and the exterior of a bacterial cell. It plays a pivotal role in
transporting ions and metabolites across the membrane and
drives ATP production. Addition of K-AgNPs, R ~AgNPs and
S-AgNPs to S. aureus and B. cereus resulted in a significant
change of the membrane potential toward a negative
value, indicating damage of the membrane integrity
(Figure 4). Consequently, leakage of essential ions and
metabolites out of the bacterial cells are likely to have
taken place. These findings support those of a study by
Singh et al. who reported that the plasma membrane was
the main target of silver ion toxicity via depolarization of
the plasma membrane, which leads to induction of ion
leakage, inhibition of bacteria respiration and eventually
bacterial cell death (Singh et al., 2018). In the same study,
it was reported that silver ions induced rapid cell death,
decreasing the possibility of emergence of bacterial
resistant strains (Singh et al., 2018).

LDH leakage assays are a common technique used
to assess membrane integrity, thereby elucidating the
in vitro cytotoxicity of AgNPs (Cho et al., 2008) and
other drugs. In addition to glyceraldehyde-3-phosphate
dehydrogenase, or adenylate kinase, LDH is localized
mainly within the living cells. However, LDH activity is
significantly increased extracellularly implying loss of
membrane integrity and eventually cell death. Despite
limitations, LDH is an efficient tool for assessing membrane
integrity and cell death. AgNPs primarily interact with
the plasma membrane of bacterial cells and negatively
affect the membrane integrity and architecture, leaking
cytoplasmic substances such as LDH (Wu et al., 2020).
In the present study, there was a substantial increase
in the specific activity of LDH of S. aureus and B. cereus
exposed to K-AgNPs, R-AgNPs and S-AgNPs (Figure 5). LDH
release rose by 32, 44 and 65% when treated with 1 mM
of K-AgNPs, R-AgNPs and S-AgNPs, respectively, relative
to the control (Figure 5). These results agree with that of
Wau et al. who reported that LDH release was substantially
increased upon treating Pseudomonas stutzeri with AgNPs
(de Lacerda Coriolano et al., 2021).

Proteomic approaches conducted by Yan et al.,
demonstrated that the cell membrane is the main target
of AgNPs (Tian et al., 2018). The potent antibacterial
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Figure 3. Effect of Phoenix dactylifera seed extracts on bacterial
alkaline phosphatase activity. One unit of alkaline phosphatase
(ALP) activity was defined as the amount of the enzyme yielding
one micromole of p-nitrophenol within one minute per milligram
protein under the assay conditions. Silver nanoparticles formed
from seed extracts from varieties Iklas (K), Irziz (R) and Shishi (S)
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are mean (n =3) + SE.
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Figure 4. Effect of Phoenix dactylifera seed extracts on bacterial
membrane potential. Silver nanoparticles formed from seed extracts
from varieties Iklas (K), Irziz (R) and Shishi (S) were compared, with
aqueous extracts designated by w. Values are mean (n = 3) + SE.
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Figure 5. Effect of Phoenix dactylifera seed extracts on the specific
activity of lactate dehydrogenase. Silver nanoparticles formed
from seed extracts from varieties Iklas (K), Irziz (R) and Shishi (S)
were compared, with aqueous extracts designated by w. Values
are mean (n = 3) + SE.

capabilities of AgNPs are largely attributed to: (1) oxidative
stress resulted from highly reactive oxygen species and
(2) loss of membrane integrity resulted from alteration
of membrane potential, which causes damage to the
cell membrane (Tian et al., 2018). S. aureus and B. cereus,
however, are Gram-positive strains that are characterized
by the presence of a thick layer of peptidoglycan compared
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to that of Gram-negative strains, which may protect the
cells against the deleterious effects of toxic substances.
It has been evidenced that AgNPs are active against both
Gram-negative and Gram-positive strains, confirming their
broad range efficiency against various bacterial species.

4. Conclusion

AgNPs were synthesised using seed extracts of three
economically important varieties of date palm (Iklas, Irziz
and Shishi) then characterised using electron microscopy
and Fourier transform infrared analyses. AgNPs exhibited
potential bactericidal activities against five different
bacterial pathogens, including methicillin-resistant
Staphylococcus aureus and Streptococcus pneumoniae.
AgNPs exerted their cytotoxic effects via disruption
plasma membrane integrity. Green synthesis of AgNPs
is an efficient, cost-effective and promising strategy to
combat virulent antibiotic-resistant strains.
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